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RESUMO

O presente trabalho investigou a dinamica reprodutiva e parasitaria de quatro espécies
de peixes marinhos: serra, Scomberomorus brasiliensis, tibiros, Oligoplites saurus e O.
palometa e palombeta, Chloroscombrus chrysurus, durante os messes de agosto de 2005 a
julho de 2007, nas dguas costeiras do Sudoeste do Oceano Atlantico, Brasil. Os peixes foram
medidos, pesados, dissecados, as gonadas pesadas e examinadas para separagdo do sexo.
Foram avaliados o indice gonadossomatica (IGS), fecundidade, tipo e época de desova e a
caracterizagdo macro e microscopica do desenvolvimento das goénadas dos peixes. Os
ectoparasitos da camara branquial e cavidade bucal dos peixes foram coletados, medidos,
pesados e identificados. A propor¢do sexual dos peixes estudados foram aproximadamente
IM:1F, enquanto ocorreu um predominio de machos de O. palometa (3:2). Os peixes
apresentaram IGS variando de acordo com seu ciclo reprodutivo e seu estadio de maturagao
gonadal. Os maiores valores de IGS e a época reprodutiva coincidiram com periodo das
chuvas da regido. As fémeas apresentaram desova total e fecundidade com correlagao positiva
para o peso das gonadas e do corpo. Quatro estddios de desenvolvimento das gonadas foram
identificados macroscopicamente: imaturo, em maturacdo, maduros e esgotados, e os estudos
microscopicos mostraram o desenvolvimento ovocitario dentro de cada estadio. Trés espécies
de parasitos isopodos foram identificadas nas quatro espécies de peixes: Livoneca redmmanni,
Rocinela signata e Cimothoa spinipalpa. As primeiras duas espécies ocorreram na cavidade
branquial de C. chrysurus e S. brasiliensis. Parasitismo por isopodo C.spinipalpa, (uma
espécie nova) foi registrado na cavidade bucal de O. saurus e O. palometa. O micro-habitat
preferido pelos parasitos isopodos foram a camara branquial e a cavidade bucal do
hospedeiro, areas mais protegidas. Os isopodos parasitaram os peixes nos estadios imaturo,
em maturacdo ¢ maduros. A prevaléncia de infec¢do de isopodos nos hospedeiros variou de
16 a 21%, enqunato que em O. palometa foi de 60%. No periodo das chuvas foi registrada a
maior ocorréncia de parasitismo por isopodos, porem, o parasitismo nao prejudicou o ciclo

reprodutivo normal dos hospedeiros.

Palavras-chave: S. brasiliensis, O. saurus, O. palometa, C. chrysurus, reprodugao,

desenvolvimento das gonadas, parasitismo por isopodos, indices parasitarios.
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ABSTRACT

The present study investigated the reproductive dynamics and parasitism of four
species of marine fishes: serra Spanish mackerel, Scomberomorus brasiliensis, Atlantic
leatherjacks, Oligoplites saurus and O. palometa,, and Atlantic bumper, C. chrysurus, during
the period of August, 2005 to July, 2007, in the coastal waters of Southwest Atlantic Ocean,
Brazil. The collected fish samples were measured, weighed, dissected, the gonads were
weighed and examined to separate the sex. The gonadosomatic index (GSI), fecundity, type of
spawning, the breeding season, the macro and microscopic characterization of the gonads
were determined. The ectoparasites from the branchial chambers and bucal cavity of the fish
were collected, measured, weighed and identified. The sex ratio of the study fish species were
approximately 1M:1F, however, there was a predominance of males of O. palometa (3M:2F).
The GSI of fishes varied according to their reproductive cycle and the stage of gonadal
maturation. The highest values of GSI and the spawning period coincided with the rainy
period of the region. The females presented total spawning and the fecundity was positively
correlated with the weight of the ovary and the body. Four stages of development of the
gonads immature, maturing, mature and spent were identified macroscopically and
histological analyses of ovaries revealed the different phases of oocyte development. Three
species of isopod parasites were identified in the study fishes: Livoneca redmmanni, Rocinela
signata and Cimothoa spinipalpa. The first two species occurred in the branchial cavities of
C. chrysurus and S. brasiliensis. The isopod C.spinipalpa (a new species) was registered for
the first time in the bucal cavity of O. saurus and O. palometa. The parasitic isopods
preferred the branchial chambers and the bucal cavity of the host fishes as these were
protected microhabitats. The isopods parasitized the immature, maturing and mature fishes.
The prevalence of infection of isopods in the hosts varied from 16 to 21%, though in O.
palometa it was 60%. In the rainy period the highest isopod parasitic occurrence was

registered, however, this did not prejudice the normal reproductive cycle of the host fish.

Key Words: S. brasiliensis, O. saurus, O. palometa, C. chrysurus, reproduction, gonadal

development, isopod parasites, parasitic indices.
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1. INTRODUCAO GERAL




O sucesso alcancado pelos peixes nos mais distintos ambientes ¢ relacionado a
dindmica reprodutiva desenvolvida pelo grupo (Potts & Wootton, 1984; Vazzoler, 1996;
Luksenburg & Pedersen, 2002). Os peixes tropicais apresentam uma distribui¢do
uniforme de tamanhos durante as estagdes de estiagem e chuvosa, com um periodo de
desova prolongado. A propor¢ao entre machos e fémeas e comprimento da primeira
maturacdo sexual sdo importantes aspectos da dindmica reprodutiva dos peixes. Os
periodos ¢ locais de desova variam de acordo com a distribui¢do da espécie e em fungao
do compromisso entre dindmica do processo reprodutivo e das exigéncias ambientais

(Murua & Motos, 2006).

A reproducdo dos peixes ¢ influenciada por varias modificacdes do ambiente,
tais como as variacdes na pluviosidade, na temperatura, no fotoperiodo, na
disponibilidade de alimento e na qualidade da agua que inibe ou estimula a reprodu¢do
(Aratjo & Chellappa, 2002). Em condi¢des desfavoraveis, varias etapas do ciclo
reprodutivo podem ser bloqueadas, como gametogénese, maturacdo de ovocitos e
espermatozdides, ovulagdo e desova (Billard ef al., 1981). Assim, para a realizagdo de
estudos basicos e aplicados sobre a fisiologia reprodutiva dos peixes, ¢ necessario o
conhecimento preliminar de seu habitat natural, o qual estd sujeito a acdo de grande
variagdo nos fatores ambientais, responsaveis pelo desencadeamento da reprodugdo da

espécie.

A co-ocorréncia de organismos de diferentes espécies pode ser considerada
como relagdo de simbiose (beneficio um com o outro) num sentido amplo, no entanto, o
parasitismo ¢ o modo de vida que apenas o parasito recebe vantagens da relagdo com o
hospedeiro e ndo deseja a morte de suas vitimas, assim contrastando com o predador. O
nivel de agressdo patogénica do parasito ndo depende apenas dele, mas também do

estado geral de saude do hospedeiro (Margolis et al., 1982). O parasito se transforma



morfologicamente para possibilitar sua fixacdo nos micro-habitatos do hospedeiro

(Machado et al., 1996).

Os peixes se adaptam ao meio aquatico devido a interagdo com os fatores
bidticos e abidticos do ambiente, que podem influenciar nos processos de ajuste entre as
espécies interdependentes, como ocorre na relagdo ecoldgica do parasito e hospedeiro.
A interagdo entre os parasitos por um hospedeiro resulta numa competicdo e esta
conduta de interagdo resulta num efeito negativo provocado pelo parasito para o
hospedeiro (Prenter et al. 2004). O hospedeiro age como reservatorio para o parasito,
onde o parasito causa alto impacto no hospedeiro definitivo e baixo impacto para o

hospedeiro intermediario (Hudson & Greenman, 1998; Morris ef al. 2004).

Os parasitos sdo classificados como ectoparasitos e endoparasitos, onde os
ectoparasitos ficam aderidos externamente no seu hospedeiro enquanto os endoparasitos
vivem no interior do hospedeiro (Mdller & Anders, 1986). Entre os peixes parasitados,
a maioria possui uma pequena quantidade de parasitos, no entanto, existem casos em
que pequenos grupos de hospedeiros possuirem uma alta carga parasitaria (Zubem,
1997). Nos processos dependentes da densidade populacional dos parasitos ha supressao
da fecundidade ou sobrevivéncia do parasito, e alta densidade parasitaria influencia na
sobrevivéncia ou fecundidade do hospedeiro, fatos constatados na populag¢do da truta
artica Salvelinus alpinus (Linnaeus, 1758) (hospedeiro), onde pequenos grupos
populacionais albergam uma alta densidade de parasitos cestodeos Diphyllobothrium

ditremum (Creplin, 1825) (Dobson, 1985).

A distribuicdo da abundancia de populagdes parasitirias ocorre pela
aleatoriedade demografica e ambiental. Esta aleatoriedade demogréafica culmina com a
probabilidade do parasito morrer ou com o determinado intervalo de tempo para uma

nova infestacdo, e a aleatoriedade ambiental depende dos fatores ambientais que



determinam os processos de crescimento populacional do parasito. A distribuicdo dos
parasitos no hospedeiro em determinado ponto do tempo sera resultante da vida em
equilibrio com o hospedeiro, sobrevivendo a fatores que influenciam na dispersdo dos
parasitos, tais como: os micro-habitatos disponiveis no hospedeiro, a susceptibilidade
do hospedeiro a infestagdo, reproducdo direta do parasito dentro do hospedeiro, ha
habilidade dos hospedeiros em eliminar os parasitos através de uma resposta

imunoldgica (Anderson & Gordon, 1982; Pacala & Dobson, 1988).

Os micros habitats no hospedeiro possuem diferentes suscetibilidades para o
parasitismo. As respostas do hospedeiro sdo especificas para cada tipo de parasito
resultando em vulnerabilidades especificas para o parasito (Bauer et al., 2000). O
hospedeiro possui micro habitats que sdo ricos para a alimenta¢cdo do parasito e alguns
micros habitats oferecam poucos recursos. Quando ndo existe competicdo, o parasito
que primeiro alcangar o territorio alimentar fica com o melhor lugar, que lhe
proporcionara maior taxa de retomo. O micro habitat pode ser limitado pelo tamanho do
espago fisico e/ou namero de individuos que o ocupam, ou competem. E mais vantajoso
parasitar sozinho um recurso pobre do que competir com mais individuos por um
recurso rico (Krebs & Davies, 1996). A co-ocorréncia dos parasitos existe quando duas
ou mais espécies de parasitos convivem no mesmo hospedeiro, competindo de forma
atenuada por recursos comuns. Normalmente o parasito com maior efeito inibidor
eliminard o outro do espaco, ou o proprio ambiente se encarregard de privilegiar a
espécie mais competitiva, através da acdo climatica das chuvas, ou outros fatores tais
como: salinidade das dguas superficiais, a temperatura, velocidade dos ventos, fases da

lua, marés, pH, oxigénio dissolvido e a satura¢do do oxigénio (Odum, 2001).

A invasdo parasitaria em um hospedeiro ¢ um fendmeno global que pode ocorrer

tanto no ambiente aquatico (marinho ou dulcicula) como no terrestre (Kolar & Lodge,



2001; Jenkins, 2003). O ambiente aquatico apresenta caracteristicas tais como, alta
capacidade para solubilizacdo de compostos organicos e inorganicos, gradientes
verticais e horizontes da luz, temperatura, nutrientes ¢ gases, com alta densidade e
viscosidade da agua. Esse ambiente facilita a dispersao, reprodugdo e complementagao
do ciclo de vida dos organismos parasitos. Dentre os vertebrados aquaticos, os peixes
apresentam os maiores indices de infeccdo causada por parasitos (Thatcher, 1981,

Machado et al., 1996).

Os parasitos aquaticos estdo distribuidos em sete grupos: protozoa 18%,
monogénea 16%, digénea 18%, cestoda 10%, nematoda 7%, acanthocephala 4% e
crustacea 27% (Eiras, 1994). Os parasitos dos peixes sdo classificados em protozodrios
e metazodrios (Barros & Lira, 1998). Os metazodarios estdo distribuidos em platelmintos
(trematédeos e os cestdideos), asquelmintos (helmintos acanthocephalos e os
nematoides), anelideos (hirudineos-hematofago temporario) e artropodes. Os artropodes
sdo redistribuidos em quatro grupos: pentastornideos, crusticeos copépodos

(ergasilideos), braquiuros e isopodos (Pavanelli ef al., 1999).

Os crustaceos isopodos (Ordem Isopoda) fazem parte do principal grupo de
parasitos dos peixes (Eiras et al., 2000). Os isopodos medem entre 0,5 a 500,0 mm de
comprimento e a andlise filogenética dos fosseis deste grupo sugere que existam desde o
periodo Carbonifero da era Paleozodica, com aproximadamente 300 milhdes de anos
(Brusca & Wilson, 1991). Na América do sul foram registradas cerca de 8 géneros com
17 espécies de isopodos parasitos de peixes em ecossistemas marinhos e 10 géneros
com 25 espécies de isopodos parasitos de peixes dulciculas (Thatcher, 2002). Trés
espécies de parasitos isopodos novas nos ecossistemas marinhos foram descritas em
Santa Catarina (Thatcher et al., 2003), Pernambuco (Thacther & Fonseca, 2005) e Rio

Grande do Norte (Thatcher et al., 2007).



Dentre os grupos de parasitos, poucos estudos se importam com a relacio
comportamental do parasito-hospedeiro ¢ o conhecimento dos efeitos que os parasitos
produzem no hospedeiro, ambos sdo fatores de grande importancia, pois, sdo condutas
preventivas e reparatorias para as questdes ao combate das contaminagdes zoonoticas

(Barros et al., 2002).

Os estudos relacionados com os parasitos do pescado ainda sdo escassos,
principalmente em relagdo a ictiofauna marinha do nordeste brasileiro, podendo existir
uma gama de géneros ou espécies de parasitos a serem identificados e relatados para o
ambito cientifico. Aspectos parasitarios dos peixes do Rio Grande do Norte foram
abordados em alguns trabalhos publicados de Figueiredo ef al., (2000) que registraram a
ocorréncia de altos indices parasitarios do ectoparasito Dolops carvalhoi (Lemos de
Castro, 1949) (Crustacea: Branchiura) no peixe tambaqui, Colossoma macropomum

(Cuvier, 1818) cultivado no Rio Grande do Norte.

Cavalcanti et al., (2003) registraram a ocorréncia de ectoparasitos isépodos
(Cymothoidae) e copépodos nos peixes marinhos serra, Scomberomorus brasiliensis
(Collette, Russo & Zavala-Camin, 1978) e Palombeta, Chloroscombrus chrysurus
(Linnaeus, 1766). Cavalcanti et al., (2004) registraram a ocorréncia de ectoparasitos em
peixes marinhos de valor comercial das aguas costeiras do Rio Grande do Norte.Os
peixes mais parasitados foram o coro, Pomadasys corvinaeformis (Steindachner, 1868)
e a tainha, Mugil curema (Cuvier & Valenciennes, 1836), seguidos do palombeta, C.
chrysurus, serra, S. brasiliensis e tibiro, Oligoplites saurus (Bloch & Schneider, 1801).
Cavalcanti et al., (2006a) verificaram a presenga de Lernanthropus rathbuni
(Copepoda: Lernanthropidae) no coro, Pomadasys corvinaeformis (Osteichthyes,
Haemulidae) em 4guas costeiras do Rio Grande do Norte. Cavalcanti et al., (2006b)

identificaram no M. curemas quatro espécies de copépodos (Ergasilus versicolor, E.



lizae, Caligus bonito e Caligus sp.). Lima et al., (2006) ¢ Aratjo (2008) registram a
ocorréncia de mais de duas espécies de isopodos em diferentes micro-habitatos dos

hospedeiros serra, palombeta e tibiro.

O registro da co-ocorréncia de mais de duas espécies de parasitos no mesmo
peixe marinho nas aguas costeiras do Rio Grande do Norte (Cavalcanti et al., 2005)
despertaram o interesse de investigar se 0 mesmo fato existe em outras espécies de
peixes marinhos, o tipo de interacdo parasito-hospedeiro, competicdo entre parasitos no
mesmo hospedeiro, influencia dos parasitos nos estddios de maturagdo gonadal dos

hospedeiros e a influéncia dos fatores ambientais.
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Objetivo geral

Esta pesquisa teve como objetivo investigar a dinamica reprodutiva e parasitaria
de quatro espécies de peixes marinhos: serra, Scomberomorus brasiliensis (Collette,
Russo & Zavala-Camin, 1978) (Osteichthyes Scombridae); tibiros, Oligoplites saurus
(Bloch & Schneider, 1801) e O. palometa (Cuvier, 1832) (Osteichthyes Carangidae); e
palombeta, Choloroscombrus chrysurus (Linnaeus, 1766) (Osteichthyes Carangidae)
das aguas costeiras do Sudoeste do Oceano Atlantico, Natal, Rio Grande do Norte,

Brasil.

Objetivos especificos

] Investigar a dinamica reprodutiva do peixe serra, S. brasiliensis das aguas

costeiras do Rio Grande do Norte;

Artigo 1: Biologia reprodutiva da serra, Scomberomorus brasiliensis

(Osteichthyes Scombridae), em aguas costeiras do Rio Grande do Norte.

Autores: J. T. A. X. Lima., Fonteles Filho, A. A. & Chellappa, S.

Arquivos de Ciéncias do Mar, 40 (1): 24 — 30, 2007.

Artigo 2: Capitulo do Livro: Reproductive biology of Scomberomorus
brasiliensis (Perciformes: Scombridae).

Autores: S. Chellappa., Lima, J. T. A. X., Araujo, A. & N. T. Chellappa.

Nome do livro: Advances in Fish and Wildlife Ecology and Biology Vol. 5,

2008. (Ed. B. L. Kaul), Daya Publishing House, Delhi, India.
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Artigo 3: Ovarian development and spawning of the Serra Spanish mackeral in
the Southwest Atlantic coastal waters.
J.T. A. X. Lima., A. Aratjo., N. T. Chellappa & S. Chellappa.

Em preparagdo para a Revista Fisheries Research.

] Verificar o parasitismo no peixe marinho serra, S. brasiliensis e palombeta, C.

chrysurus;

Artigo 4:  Livoneca redmanni Leach (Isopoda, Cymothoidae) e Rocinela
signata Schioedte & Meinert (Isopoda, Aegidae), ectoparasitos de
Scomberomorus brasiliensis Collette, Russo & Zavala-Camin (Osteichthyes,
Scombridae) no Rio Grande do Norte, Brasil.

Autores: J. T. A. X. Lima., S. Chellappa & V. E. Thatcher.

Revista Brasileira de Zoologia. 22 (4): 1104 — 1108, 2005.

Artigo 5: Tendéncias evolutivas do parasito isépodo Livoneca redmanni Leach
(Isopoda, Cymothoidae) em dois hospedeiros peixes marinhos.

Em preparagdo para a Revista Austral Ecology.
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] Verificar o parasitismo no peixe marinho tibiro, O. saurus;

Artigo 6: Cymothoa spinipalpa sp. nov. (Isopoda, Cymothoidae) a buccal
cavity parasite of the marine fish, Oligoplites saurus (Bloch & Schneider)
(Osteichthyes: Carangidae) of Rio Grande do Norte State, Brazil. Autores:
Vernon E. Thatcher., Gustavo Soares de Aragjo., J. T. A. X. Lima & S.
Chellappa.

Revista Brasileira de Zoologia. 24 (1): 238 - 245, 2007.

Investigar a dinamica reprodutiva e parasitismo no peixe marinho tibiro, O.

palometa.;

Artigo 7: Occurrence of Cymothoa spinipalpa (Isopoda, Cymothoidae) and
reproductive aspects of the marine fish Oligoplites palometa (Cuvier).

Araujo, G.S., Lima, J.T.A.X., Cavalcanti, E.T.S., Damasceno, D. N.F., Araujo,
A. & Chellappa, S.

Em preparagao para a Revista Journal Fish Biology.
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3.1 Area de estudo

Durante o periodo de agosto de 2005 a julho de 2007, exemplares de peixes
marinhos foram mensalmente capturados nas 4guas costeiras entre latitudes 0°00° e
10°00°S, longitudes 32°00° e 40°00°’W no Oceano Atlantico Sudoeste, subdivisdo Natal
Nordeste do Brasil (1.2) (Fig. 1).
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Figura 1. Distribuicdo das éareas segundo FAO (2003): Regido 03, América do Sul;
areas de captura dos peixes marinhos na subdivisdo Natal (1.2) nas dguas costeiras do

Nordeste do Brasil, Oceano Atlantico Sudoeste.
3.2 Coleta de dados pluviométricos

Para a caracterizagdo do regime pluviométrico e separacdo dos periodos de
estiagem e chuvoso, foram obtidos os dados de precipitacdo pluviométrica da area de
estudo, através do Departamento de Metereologia e Recursos Hidricos da Universidade
Federal do Rio Grande do Norte (UFRN) e da Empresa de Pesquisa Agropecudria do
Rio Grande do Norte S/A (EMPARN).
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3.3 Hospedeiros e parasitos em estudo

As espécies de hospedeiros em estudo sdo os peixes: serra, Scomberomorus
brasiliensis; tibiro, Oligoplites palometa e O. saurus; e palombeta, Choloroscombrus
chrysurus. Todos os quatro peixes estudados sdo espécies marinhas das dguas costeiras

capturadas através de arrastdes-de-praia.

A serra, S. brasiliensis (Collette, Russo & Zavala-Camin, 1978) (Fig. 2) ¢ uma
espécie da familia Scombridae, com valor comercial e de interesse para a pratica
esportiva. Sdo encontrados na maior parte do litoral brasileiro distribuidos entre as
Latitudes 20° Norte a 35° Sul, (Carpenter, 2002). S. brasiliensis possui escamas
pequenos na regido lateral constituindo uma tonalidade prateada e apresentam manchas
escuras circulares da cor amarelo bronze, com a primeira nadadeira dorsal preta. As
manchas formam uma linha dorso lateral de sentido cranio-caudal. Apresentam 17 a 19
espinhas dorsais, 15 a 19 raios moles da nadadeira dorsal e 16 a 20 raios moles da
nadadeira anal. A bexiga natatoria ¢ ausente (Collette, Russo & Zavala-Camin, 1978;

Lima, 2004).

Os tibiros, O. saurus (Fig. 3) sdo peixes costeiros que vivem nas aguas rasas das
praias arenosas, baias e areas estuarinas. S3o encontrados em cardumes, dando saltos
para fora da agua. Apresentam coloracdo prateada com a regido dorsal azulada e
nadadeiras amarelas. O corpo ¢ alongado, relativamente alto e comprimido lateralmente,
com focinho estreito e pontiagudo. Os olhos sdo relativamente pequenos e o final da
maxila superior esta prolongado até a margem posterior do olho. A maxila superior

possui duas séries distintas de dentes.
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As bases da nadadeira anal e da segunda dorsal de O. saurus possuem o mesmo
tamanho. A primeira nadadeira dorsal apresenta espinhos escuros com membranas
claras. A segunda nadadeira dorsal e a nadadeira anal sdo claras. A linha lateral ndo
apresenta escudos, ¢ levemente arqueada acima da nadadeira peitoral e reta até o

pedunculo caudal (Araujo et al., 2004).

A espécie O. palometa (Fig. 4) ¢é encontrada principalmente em aguas doces e
salobras, e sobre fundos enlameados de 4guas marinhas costeiras. E um peixe carnivoro
que regressa ao mar para reproduzir. O. palometa carrega glandulas venenosas em
espinhos dorsais e anais. Os jovens apresentam uma coloracdo castanha escuro quando
proximos de algas deterioradas, constituindo um exemplo de mimetismo. Apresenta
coloracdo castanha amarelado quando estdo sobre o fundo arenoso colorido e claro.

Ficam escuros quando em adverténcia (Aratjo ef al., 2004).

Os tibiros, da espécie O. palometa apresenta coloragdo prateada, com a
nadadeira caudal com um tom alaranjado. Possui o corpo alongado, alto, bastante
afilado na metade posterior e com o focinho pontiagudo. Pré-maxilar com varias séries
de dentes viliformes, formando uma faixa, mais larga anteriormente que posteriormente.
As nadadeiras peitorais sdo curtas com uma linha lateral desprovida de escudos (Aratjo

et al., 2004).

O palombeta, C. chrysurus (Fig. 5) pertence a familia Carangidae, habita as aguas
costeiras e esta distribuido desde os Estados Unidos da América até a Argentina
(Carpenter, 2002). Possui corpo prateado com regido dorsal azul-esverdeado e uma
mancha negra superiormente no pedinculo caudal. A sua fenda bucal ¢ posicionada
vertical. Corpo apresenta forma oval com o perfil ventral mais convexo que o dorsal. A
primeira nadadeira dorsal apresenta 9 espinhos sendo 1 espinho junto a segunda
nadadeira dorsal que ¢ composta de 27 raios. A nadadeira anal tem 2 espinhos isolados.
Linha lateral sem escudos com algumas escamas na regido do pedunculo caudal (Aradjo

et al.,2004).



21

‘(edews ou soyowrdA sojuod) eo1JeI3033 0BIINQLISIP BNS 9 SMMDS $2717d0S1]() ‘0I1qn OPNIS W A0S ¢ eandiy

snunps s2717do31j0) o109dsyq

s2117do31]() :019UQD)
oeprdueIe)) :BI[Iwe,{
SOWLIOJI010 (WAPIO

SOAYIYDIRISQ :9SSe[D
‘50081 :9sse[oradng
‘BOILIQUOXE) 0BIISO]




22

‘(edewr ou soyouLIdA sojuod) Bo13RIS033 0BIINQLISIP BNS 9 puwiojpd $211]do31]() ‘0JIqn OPNISd WD A10dSH “p eandig
pjouiojvd s2311do31) () :9109dsHq
s2111do31)() :019UJD)
Jepi3uere)) BI[IWE,]
SOULIOJIOIOJ (WIPID)

SOAIYDIAISO) :9SSE[D)
‘s0s14 :osse[oradng
1BOTWIQUOXE) 0BIISOJ




23

ou

‘(edewr
soy[owIdA soyuod) eoyeI3003 ordqQLUSIp ens o snnsdiyd sniquiodsoLojy) ‘eypquojed opnisd w d109dsy ¢ eANSIY

SnAnSA4Yd SNAqui02s0.10]0Yy") :9199dsH
‘SNAQUI0DS0.10]Y7) :0IQUQYD)
‘oeprduere)) :eIIue,j
‘SOULIOJIOIQJ ‘WP
‘n3L1vdounoy :asser)
‘50081 :9sse[oradng
1BOILIQUOXE) 0BIISO]

wur 001




24

Os parasitos em estudo foram os crustaceos isopodos (Ordem Isopoda) que
parasitam os peixes marinhos das dguas costeiras. Os crustaceos isopodos medem entre
0,5 a 500,0 mm de comprimento total. Os parasitos isépodos sdo hematofagos
hermafroditos protandricos (jovens isopodos sdo machos com posterior reversao sexual
para fémeas). Ambos os sexos sdo encontrados infectando os peixes (Brusca & Wilson,

1991).

Os isopodos jovens nadam ativamente a procura de um hospedeiro para fixagao.
Sendo pioneiros no micro-habitat, o jovem macho reverte diretamente para fémea. O
segundo jovem que infecta 0 mesmo hospedeiro se torna macho funcional. A fémea
possui um par de espermateca para armazenar espermatozoéides, e a fertilizagdo ocorre
internamente. (Thatcher, 2006). Os ovos sdo transferidos para bolsa de incubagdo
(marstpial), onde os embrides em desenvolvimento sdo retidos até se tornarem larvas
independentes. As larvas nadam livremente durante 30 a 60 segundos a procura de
hospedeiros. Apds este tempo ficam imobilizados por perder a atividade natatoria, e por
algumas horas esperam a aproximac¢ao de um hospedeiro ocasional. Os isépodos
parasitos sdo geralmente encontrados no tegumento, nas nadadeiras, cavidade bucal e

camaras branquiais (Thatcher, 2004).
3.4 Coleta das amostras

As coletas dos peixes foram realizadas mensalmente durante o periodo de agosto
de 2005 a Julho de 2007. Os peixes foram capturados com ajuda de pescadores da
regido. A rede-de-arrastdo utilizada pelos pescadores foi do tipo tresmalho, com malha
central de 10 mm e extremidades com 70 mm, medindo média de 110 metros de
comprimento por 3 metros de altura, confeccionada com mono nailon. A rede foi
conduzida por uma catraia, embarcacdo artesanal sem vela e sem acessorios, e langada
aproximadamente 110 metros de distdncia da costa em uma profundidade de 5 metros.
O arrasto contou com o esforco de 6 a 12 pescadores, que através de dois cabos fixos na
extremidade da rede-de-arrastdo a tracionaram para a terra. Todo processo, desde a

organizagdo da rede até a despesca durou em torno de 1 hora e 30 minutos (Fig. 6).
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Figura 6. Atividades de pesca artesanal nas praias de Natal, Rio Grande do Norte. a)
aparelhos de pesca; b-c) pescadores organizando a rede-de-arrasto do tipo tresmalhos
em cima da catraia; d) catraia sendo conduzida para pesca; e-f) rede-de-arrasto

tracionada por pescadores; g) pescado na rede e h) peixes no cesto.
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Os peixes coletados foram transportados para o laboratorio de Ictiologia do DOL
(Departamento de Oceanografia e Limnologia) da Universidade Federal do Rio Grande
do Norte. Todos os peixes foram submetidos a biometria para registrar o peso total (Wg
g) e comprimento total (Lt mm). As posi¢des taxondmicas das quatro espécies de peixes
foram verificadas e confirmadas com auxilio de chaves de identificagdo de Carpenter,

(2002) e Araujo et al., (2004).
3.5 Aspectos reprodutivos, crescimento e fator de condicio dos hospedeiros

Verificacio do sexo e proporcio sexual: A necropsia dos peixes foi realizada
através de uma incisdo precisa no encontro das musculaturas na regido ventral a partir
da abertura urogenital, no sentido caudal-cranial. Apo6s a dissecagdo dos peixes o sexo
foi identificado. De cada coleta mensal foi registrado o nimero de machos e fémeas a

fim de determinar a diferenga na proporcao sexual.

Verificacdo dos estadios de maturacdo gonadal, analise histolégica das
gonadas: As gonadas foram retiradas, pesadas, observadas em relagdo a seus aspectos
macroscopicos. As andlises macroscopicas dos estadios de maturagdo gonadal foram
determinadas a fim de caracterizar os estddios das gonadas de acordo com Vazzoler
(1996) e Mackie & Lewis (2001). Para a andlise histoldgica, fragmentos (25 mm) das
porcdes cefalica, mediana e caudal de 20 testiculos e 30 ovarios em diferentes fases de
desenvolvimento gonadal foram fixados em solu¢do de Bouin, embebidos em blocos de
parafina, seccionados em cortes de 2 a 5 um e corados em laminas por Hematoxilina-

Eosina (HE) (Yoshida, 1964).

As laminas histologicas foram confeccionadas no Laboratorio de Técnicas
Histologicas do Hospital Universitario da Universidade Federal do Rio Grande do Norte
(UFRN) e analisadas no Laboratorio de Ictiologia, Departamento de Oceanografia e
Limnologia, UFRN. As terminologias utilizadas na identificagdo dos ovoécitos foram

baseadas nas descri¢des histologicas de West (1990) e Palmer et al., (1995).

Verificacio do Indice gonadossomatico (IGS), fecundidade, tipo e periodo
de desova: Segundo Wootton ef al., 1978, o Indice gonadossomatico ¢ a relagdo
percentual entre o peso das gonadas e o peso do corpo do peixe menos o peso das
gbonadas do peixe; dado pela relacdo: IGS = Wg / We x 100, onde: Wg ¢é peso das

gonadas (em g) e Wc € peso do corpo menos o peso das gonadas (em g).
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Para a determinagdo da fecundidade (potencial reprodutivo) foram utilizadas 10
fémeas cujos ovarios estavam em estadio maduro. Foi feita uma incisao longitudinal nas
gonadas e em seguida colocadas em solugdo de Gilson. Depois de 3 dias os ovdcitos
foram liberados do estroma ovariano, foram lavados e colocados e contados utilizando

uma placa de Bogorov.

O tipo de desova ¢ o modo como as fémeas liberam os ovocitos maduros em um
periodo reprodutivo, sendo determinado pela a freqiiéncia das desovas dentro do periodo
de reproducdo. O periodo de desova foi determinado através da avaliagdo dos maiores

valores mensais de IGS segundo Vazzoler (1996).

Tipo de crescimento: A relacdo peso/comprimento foi estabelecida através da
equacdo Wt = ¢@Ls0, os dados de peso total (Wt) e comprimento padrdo (Ls) foram
usados na equagdo potencial onde; ¢ € o coeficiente fator de condicao e 0 ¢ o coeficiente
angular ou coeficiente de crescimento, que permite determinar o tipo de crescimento de

cada espécie (Santos, 1978).

Fator de condicido (K): Foi calculado o fator de condi¢do através da equacao
K=(Wt/Lt)100. K ¢ o fator de condigdo de Fulton, Wt & o peso total (g) ¢ Lt é o
comprimento total (cm). (Nash et al.,2006).

3.6 Identificacio e biometria dos parasitos

Foram feitas necropsias nos hospedeiros a procura de parasitos seguindo as
técnicas sugeridas por Pavanelli, Eiras & Takemoto (1999) e Eiras, Takemoto &
Pavanelli (2000). Os parasitos encontrados foram devidamente rotulados (o nimero do
hospedeiro, area de fixacao, local e data da coleta), medidos, pesados, fotografados e
acondicionados em tubos de ensaio com alcool a 70%. Os parasitos foram identificados
com chaves taxondmicas apropriadas e confirmados com o Professor Dr. Vernon

Thatcher da Universidade Federal do Parana (UFPR).
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3.7 Indices ecologicos parasitarios

Os indices ecologicos parasitarios foram calculados e expressos conforme

Margolis et al., (1982), Bush et al., (1997) e Pavanelli & Takemoto (2000).

Prevaléncia foi determinada utilizando a relagdo percentual entre o nimero de
hospedeiros infectados com um ou mais individuos de um grupo taxonomico (espécie
de parasito em particular) e o nimero de hospedeiros examinados para aquela espécie

de parasito, dado pela relagao:

Prevaléncia = n° de hospedeiros infectados x 100

n° de hospedeiros examinados

Intensidade média foi determinada utilizando a relagdo entre o numero de parasitos de
um grupo taxonodmico (espécie de parasito em particular) e o nimero de hospedeiros

infectados com aquela espécie de parasito, dado pela relagdo:

Intensidade média = n° total de parasitos

n’ de hospedeiros infectados

Abundincia média foi determinada utilizando a relagdo entre o numero total de
parasitos de um grupo taxondmico (espécie de parasito em particular) em um
hospedeiro especifico e o numero total de hospedeiros examinados (infectados e nao

infectados), dado pela relagdo:

Abundincia = n’ total de parasitos

n’ de hospedeiros examinados
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T 2 BIOLOGIA REPRODUTIVA DA SERRA, Scomberomorus
Wi o
Nl 3 | teasiliensis (0STEICHTHYES:SCOMBRIDAE), EM
ﬁuu@ ABGUAS COSTEIRAS DO RIO GRANDE DO NORTE
ﬂ,{:‘jl; g Reproductive biology of Brazilian mackerel, Somberomorus
'g brasiliensis (Osteichthyes:Scombridae), off Rio Grande do
ﬂ < Norte State
;osﬂfr Tibt;;ano gj:rl.;!a Ximenes de Lima', Antonio Adauto Fonteles-Filhe?,
athyabama Chellappa®

RESLMO

A serra, Scomberomorus brasiliensis, ¢ uma espécie marinha de valor comercial que habita o litoral brasileiro
tropical. Tendo como objetivo estudar sua sua Mologia reprodution nas dguas costeiras do Rio Grande do Norte, a
amosiragem foi realizada mensalmente durante o peripde de agoste de 2003 a julho de 2004, Os exemplares foram medidos,
pesados e dissecados; suas ginadas foram pesadas ¢ examinadas para separar o sexo ¢ avaliar o comprinento wédio na
I* maturidade sexual, indice gonadossomdlico, fecundidade, e lipo ¢ época de desova. Com base na andlise do material
amostrado e analisado, foram ebtidos os seguintes resultados; (a) os comprimentos médios na 1° maturidade sexual foram
345 mm CT (machos) ¢ 280 mm CT ([Emeas): (b) as estimativas do {ndice Gonadossomitico variaram nas faixas de 1,10
- 4,66 (machos) ¢ 1,18 - 13,54 (fFmeas); (c) as fecundidades absoluta ¢ velaliza foram estimadas em 871.523 dvndos ¢ 952
dunelos por g (d) a espécie apresentou desopa do lipo tolal, nf'rr'ﬁ{'.'.rdu através da distribuicio de freqiiéncia relation
do didmetro dos ovdeitos vitelogénicos; (2) a reprodugio ocorre durante o ano lodo, com incidéncia do pico durante o més
de dezembro; () 0 uso de redes com malhas pequenas propicia a caplura de serras imaturas, prejudicando o recrutamento
da espécie,

Palavras-chaves: serra, Scomberomorus brasiliensis, biologia reprodubiva, Rie Grande do Norte.,

ABSTRACT

The Spurash mackerel, Scomberomorus brasiliensis, s @ marine specics of commercial importance, which inhabils a
major part of the coastal waters of Brazil, except for the extrene north and south. The objective of the present study was o
determine its reproductive brology in the coastal waters of Rio Grande do Norte, Fish samples were collecled on a monthly
basis, during August, 2003 lo July, 2004. The fish were measured, weighed, dissecled and the gonads were removed,
weighed and exarnined for the sex and for estimating such variables as mean size al first sexual maturity, gonadossomatic
index, fecundity, type of spawning and breeding season. The results indicate that the females of S. brasiliensts attained
gonad makuriby ab 280 mm and males at 345 mm of tolal length. The gonadossomalic index (G51) ranged from 118 to
13.54 in females and from 1.10 to 4.66 in males, The absolute and relalive fecundilies were estimated as 871,523 oocyles
and 952 oocytes per gram of fish weighl. The relative frequency distribution of the cocyte diameler sizes indicates Huat
Brazilian mackerel is a total spawner. Breeding of this species occurred all year round, with a peak coinciding with
the month of December. The use of small-meshed nets accounts for the caphture of immature fishes, which impairs the
recruttment process of this species.

Key words: Brazilian mackerel, Scomberomorus brasiliensis, reproductive biology, Rio Grande do Norte Siate,
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INTRODUCAO

A serra, Scomberomorus brasiliensis (Collette,
Russo & Zavala-Camin, 1978) ¢ uma espécie marinha
comercial e bastante explorada na costa nordestina,
povoando a maior parte do litoral brasileiro, com ex-
cecao das extremidades norte e sul (Collette & Rus-
so, 1979; Zavala-Camin, 1983; IBAMA, 1994; Sam-
paio, 1996). Sua taxonomia e distribuicio geografica
sao distintas de Scomberomorus maculeatus (Mitchill,
1815), antes conhecidas como uma dnica espécie
(Collette ¢f al., 1978; Fonteles-Filho, 1988), Trata-se de
uma espécie veloz ¢ conhecida como predadora de
sardinhas e peixes voadores (Suzuki, 1983; Aratijo &
Chellappa, 2002), de hibitos costeiros e realizando
migragao para aguas mais profundas do Nordeste
do Brasil num circuito que deve ser superior a 300
milhas nauticas {Balista & Fabre, 2001).

Os dados de produgio demonstram que os
volumes desembarcados da serra apresentaram uma
tendéncia de crescimento nos estados do Rio Grande
do MNorte, Ceara, Piaui, Maranhdio e Pard (IBAMA,
2003; Oliveira ef al. 2004), o que pode ser devido a
evolugio tecnoldgica na costa nordestina através de
novas técnicas pesqueiras. Qualquer forma de pesca
explora apenas individuos dentro de uma faixa de
comprimento e idade que representa o estoque dis-
ponivel, e deste, 56 o estoque capturdvel esta acessiv-
el aos aparelhos-de-pesca. O ideal é que se capture
apenas individuos adultos, mas, na pritica ocorre
captura do estoque adulto juntamente com uma par-
te do estoque jovem. A pesca tradicional litordnea
explora um elevado namero de espécies sem distin-
cio de tamanho, devido 4 alta biodiversidade espe-
cifica e & pequena biomassa de estoques pesqueiros
explorados (Fonteles-Filho, 1989; MMA, 1997,

A captura abusiva de peixes imaturos pode
comprometer o estoque, refletindo-se no desenvolvim-
ento ciclico das gdnadas representativo dos estidios de
maturidade {Adams, 1980; Vazzoler, 1996). A capaci-
dade de recuperagio de 5. brasiliensis varia na faixa de
14 - 4.4 anos (Collette & Nauen, 1983), por isso, estu-
dos sobre sua reproducio assumem grande importin-
cia devido ao fato de ser a funcio vital que assegura
a preservacdo e a abundancia das espécies (Wootton,
1989). O presente trabalho descreve a biologia reprodu-
tiva da serra, Scomberomores brasiliensis, capturadas nas
aguas costeiras do Rio Grande do Norle.

MATERIAL E METODOS

Coleta das amostras
As coletas foram realizadas por meio de ar-
rastdes-de-praia do tipo tresmalho com 110 m de
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comprimento, malhas de 10 mm no centro e 70 mm
nas extremidades. O modo de operagéio consiste do
seu lancamento através de pequena balsa (catraia),
a cerca de 100 m de distancia da praia, com 5 m de
profundidade, Dois cabos ficam na terra para serem
arrastados por pescadores e todo o processo, desde a
arrumacio até a retirada da rede com os peixes, dura
em torno de 1:30 h, contando com o esforco de da 12
pescadores.

Entre agosto de 2003 a julho de 2004 ocorreram
12 coletas na costa da Praia de Ponta Negra em MNatal-
RN, totalizando 145 peixes, exceciio feita aos meses
de novembro/ 2003, devido a grande florescéncia de
macroalgas que deixou a dgua turva com coloragio
amarelada, exatamente na regido de lance do arrasto
de praia, ¢ fevereiro,/2004, devido a ocorréncia de
chuvas acompanhadas de fortes ventos,

Os peixes foram transportados em caixas tér-
micas com gelo e dgua do ambiente ao Departamento
de Oceanografia e Limnologia da UFRN, onde foram
medidos (mm), pesados (g). Com base nos valores
médios dos dados morfométricos e meristicos foi
feita a identificacio taxondmica da espécie (Suzuki,
1983; Szpilman, 2000) e, posteriormente, os peixes
foram dissecados para a observacio e estudo das
gonadas segundo a metodologia de Vazzoler (1996),

Proporgao sexual

Numa populagio, espera-se uma ocorréncia
tedrica de machos e fémeas em freqiiéncias espera-
das de 50% para cada sexo (Santos, 1978), de modo
que a avaliagio estalistica das diferencas apresenta-
das pelas frequéncias observadas foi feita por meio
do teste ¥* ao nivel de significincia, a = 0,05e GL=n
- 1 {Ivo & Fonteles-Filho, 1997).

Primeira maturidade sexual (L_)

As freqliéneias de machos e @meas foram
agrupadas de acordo com as categorias de gonadas
imaturas (estadio imaturo) e gonadas em atividade
reprodutiva (estadios em maluracio, maduro ¢ es-
vaziado), sendo estas ultimas lancadas em grafico e
ajustados em curvas do tipo sigmdide, para deter-
minagdo do valor de L indicative da frequéncia
de 50% de individuos com ginadas em atividade
reprodutiva (Santos, 1978; Fonteles-Filho, 1989; Vaz-
zoler, 1996).

indice gonadossomatico

Este indice de maturidade sexual é represen-
tado pela razio percentual entre o peso das gonadas
(W) e o peso do corpo do peixe sem as ghnadas (W -
W ), de acordo com a formula: 1GS = [We/ (Wt-Wg)]
* 100 (Wootton el al., 1978).

A, Citn. Mar, Fortalera, 2007, 40011 24-30 | 25



Fecundidade e tipo de desova

Aestimativa das fecundidades absoluta e rela-
tiva foi estimada com base na contagem absoluta dos
ovocitos e na determinacio de classes de didmetros
dos ovocitos. Os ovarios de fémeas maduras e em
maturacdo com comprimento e peso médios de 768
mm e 3.250 g foram retirados, pesados ¢ preservados
em solucao de Gilson modificada por 24 horas para
uma completa dissociagio dos ovocitos (Simpson,
1951}, que posteriormente foram lavados e preserva-
dos em dlcool etilico a 70% (Vazzoler,199%), O tipo
de desova foi avaliado através da andlise dos resul-
tados da medicio do didmetro dos ovdcitos.

Epoca de desova

A informagio sobre a provivel época de de-
sova foi realizada pela distribuicio das fregiiéncias
relativas (%) de cada estidio de maturagao das gina-
das, considerando os sexos separados. A épora de
desova foi determinada com o periodo mensal em a
freqiiéneia das fémeas no estadio de desova foi mais
elevado (Vazeoler, 1996),

Pluviosidade

Os dados de pluviesidade referentes ao perio-
do de agosto/ 2003 - julho/ 2004 foram obtidos junto
# Empresa de Pesquisa Agropecudria do Rio Grande
do Norte S/ A (EMPARN).
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RESULTADOS E DISCUSSAO

A amplitude do comprimento total variou
de 135 a 805 mm nas fémeas e de 140 a 598 mm nos
maches. O maior namere de individuos do sexo
feminine foi observado na classe de 100 - 200 mm de
comprimento total (CT), média de 333,8 mm e desvio
padrio de 18,2 mm. Os machos tiveram seu maior
numero de individuos nas classes de 100 - 200 mm e
400 - 500 mm CT, com média de 3156 mm e desvio
padrao de 13,6 mm,

Aamplitude do peso tolal variou de 152 3.385 ¢
(fémeas) e 16 a 1.310 g (machos). O maior nimero de
individuos do sexo feminino foi observado na classe
de 10 a 500 g de peso total, média de 363.6 g e des-
vio padrao de 542,7 p. Os machos tiveram seu maior
nimero de individuos nas classes de 10 - 500 ¢ de
peso total, com média de 255,2 g e desvio padrio de
257.6 g. As fémeas da serra alcangam comprimentos
£ pesns superiores aos machos,

Os valores minimo, maximo e médio, e o des-
vio padric das medidas morfométricas para ma-
chos e fémeas da serra estao na Tabela I, Na andlise
meristica os lepdotriquios apresentaram raios duros,
representados por algarismos romanos, e moles, rep-
resentados por algarismos arabicos (Tabela I1),

Tabela | - Valores minimos, maximos, midios ¢ desvios padrio das medidas morfométricas para machos
¢ ftmeas da serra, S, brasiliensis coletados nas aguas costeiras do Rio Grande do Norte,

Caracterizagio morfométrica Valor minimo  Valor mdximo  Valor médio + Desvio Padrao
¥ 3 g 4 ¥ 3
Comprimento total (mm) 135 L4 B05 308 3337 + 18,17 IN55+1355
Comprimento zooldgico (mm) 124 125 710 531 20,4 + 15,58 AT 11,56
Comprimento padrio (mm) 100 115 637 492 2622 + 1443 251,7 + 10,72
Comprimento da cabega (mm) 29 a0 134 102 58.2 + 267 55,6+ 20
Comprimento do focinho 11 1 a7 40 229+1.14 210+ 10,78
Hametro do olho & f 42 19 11,9 + 0,62 11,2 + 037
Altura maxima do corpo 25 26 130 ke 564 + 279 52,8 + 2,08
Comprimento pré-dorsal a1 3 162 123 634 + 3,12 63,7 + 240
Comprimento pré-peitoral 28 3 330 102 68,9 + 532 577 x209
Comprimento pré-ventral 29 33 149 17 65,7 +3,07 628 + 228
Comprimento pré-anal a5 0 39 7 15332+ 7,87 143,8 = 5,80
Base da dorsal 48 50 101 0 1273+1242 1085+ 4,60
Maior acileo nadadeira dorsal 10 10 1M 101 ¥i+1l,02 36,07 +11.35
Base da peitoral 4 4 3 21 124+ 732 11,5+ 525
. da nadadeira peitoral 110 12 78 59 323+ 1,86 30,5+ 1,48
Base da ventral 1 1 64 70 5.4+ 0,86 5,00+ (0,81
. da nadadeira ventral 4 4 1m 101 41,0 + 16,87 50,8+ 19,57
Base da anal 11 12 56 31,33+ 1,64 A04+ 1,33
. da nadadeira anal 12 11 B2 5% 28,8+ 1,70 275+ 1,30

% | Arg Cign, Mar, Fortaless, 2007, 40(1): 24 - 30



Tabwla 11 - Valores médios das medidas meristicas da serra, 5, bra-
silieriss coletados nas dguas costeiras do Rio Grande do Norte,

Caracterizacio Meristica Valores Médios
Lepidotriquios dorsais XOWTT a XIX (VI +15 2 19 {17)
Lepidotriquics peitorais Il

Lepidotriquios ventrais I+4a5
Lepidotriquios anais 11+ 16 a 20 (18)

Pinulas dorsais - anais. Bab-Ba9%

Cailhas dérmicas 3

A proporgac sexual demonstrou uma leve pre-
domindncia numérica dos machos (52%) sobre as
fémeas (48%), No periodo de estudo foi observado que
a frequéncia de fémeas foi maior nos meses de outu-
bro,/ 2003 e junho-julho/ 2004, com predomindncia dos
machos no restante dos meses (Figura 1), Para o perio-
do total de estudo nito houve diferenca significativa na
proporgio sexual ao nivel de 5% [y < 3,84).
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Figura 1 - Proporgio sexual da serra, Scomberomorus brasiliensis,
e frente a MNatal, no periodo agosta,/ 2003 - palho 2004

O comprimento médio na 1* maturidade se-
xual (L) apresentou valores de 345 mm (machos) e
280 mm de comprimento total (fémeas) (Figura 2).
Dentre o total de 145 peixes capturados 52% estavam
com tamanho igual ou inferior a média e 48% pos-
suiam valor superior 8 média da maturagio gonadal,
indicando um aumento da captura dos imaturos. En-
tre 05 anos de 1963-1986 a média da L foi 520 mm
CT e a participacao de juvenis foi de 8,1% (Gesteira
& Mesquita, 1976); entre 1970-1975 o percentual foi
de 14,2% de imaturos capturados, com individuos
da espécie atingindo até 1.200 mm CT (Fonteles-Fil-
ho, 1988); entre 1998-2000 a média do comprimento
decrescen para 382 mm e os individuos da costa do
Mordeste brasileiro ndo atingiram medidas acima de
860 mm (Lucena ef al, 2001}, O presente estudo con-
firma essa tendéncia de decréscimo do comprimento
médio individual, estimado em 3125 mm CT. A
moda do comprimento total registrou-se na faixa de
100 - 200 mm, fato corroborado pela elevada propor-
¢io de juvenis na captura (32%), demonstrando uma
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possivel ocorréncia de sobrepesca do erescimento,
que causa uma redugdo no recrutamento da serra
para o estoque capturivel & no mimero potencial
de individuos para iniciar o ciclo reprodutive. Os
aparelhos-de-pesca (lresmalhos), com baixa seleti-
vidade, visam a capturar camardes marinhos e, por
consequéncia, atingem individuos imaturos da serra
como fauna acompanhante.

(O indice gonadossomatico (IGS) teve seus va-
lores médios analisados e demonstraram uma varia-
ciao de 1,18 a 13,54 para fémeas, com trés picos de
ocorréncia, sendo o maior no més de dezembro e
outros dois menores, nos meses de abril e junho. Os
machos tiveram um [GS variando entre 1,10 a 4,66,
com dois picos de ocorréncia, sendo um em dezem-
bro e outro em julho (Figura 3), O IG5 demonstra o
estado funcional das génadas em relacao ao peso do
individuo de forma a indicar o periodo de desova.
Os valores médios do 1G5 mostram que machos e
fémeas da serra realizam atividade reprodutiva du-
rante todo o ano,
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Figura 2 - Ogivas do comprimento total de machos ¢ Femeas
Distribuigio de freqibéneia do comprimento total de jovens ¢
adultos da serra, Seombermnoras brasiliens's, em frente a Matal,
no periodo agosto,/ 2003 - julbo/ 2004, Sctas indicam os pontos
correspondentes a La.
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A fecundidade absoluta foi estimada em
B71.523 dvulos, tendo sido determinada utilizan-
do gonadas pesando em média 127 g retiradas de
fémeas maduras e em maturagio com comprimento
e peso médios de 768 mm e 3.250 g. A fecundidade
relativa foi avaliada em 952 ovulos por grama do
peso do individuo, Gesteira (1972) estimou as fe-
cundidades absoluta e relativa da serra em 2.047.000
ovulos ¢ 1.892 dvulos por grama do individuo, para
o Estado do Ceari.

A espécie 5, brasiliensiz possui gonadas com
descnvolvimento de forma sincrdnica, com dois
grupos de ovécitos onde se encontra o estoque de
reserva (ninhos germinativos e Fase II) com dia-
metros inferiores a 120 pm, ¢ outros ovacitos que
iniciam na vilelogénese nas fases 111, 1V e V, alé
alcancar a fase VI com didmetros entre 630 a 750
um de diametro (Figura 4). Estes sio eliminados
em desova total, verificada através da distribuicdo
de freqiiéncia relativa do didametro dos ovécitos
vitelogénicos.
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Figura 4 - Distribuicao de freqiiéncia do didmetro dos ovécitos
presentes em ovarios madures da serra, Scomberomors brasiliensis,
em frente a Natal, no periodo agosto, 2003 - julbu, 2004,

Mas dguas costeiras do Rio Grande do Norte
a desova da serra ocorre em meses diversos du-
rante 0 ano todeo, com uma época principal que se
estende de selembro a margo, com pico em dezem-
bro, informagdes semelhantes as obtidas por Mota
Alves & Tome (1968). A reproducio dos peixes
ocorre na época do ano em que as condigoes ambi-
entais sao favoriveis a maximizacio da producio
de descendentes durante seu ciclo reprodutive
(Wootton, 1990), de modo a que suas pds-larvas
tenham um suprimento alimentar adequado, pro-
teciao contra predadores e condigbes abidticas fa-
vordaveis,

Gestedra & Mesquita (1976) afirmam que a serra
apresenta condigoes de reproducao durante lodo o
ano & que tem uma estacio de desova mais inlensa
de setembro a marco. Collette & Navem (1953) tam-

28 | M. Citn. Mar, Fortaleza, 2007, 40 {1); 24 - 30

37

bém afirmam que a reproducio dessa espécie ocorre
por todo o ano, com pico de julho a setembro.

Durante o periodo de estude, os maiores indi-
ces pluviométricos foram registrados nos meses de
agosta,/ 2003 (49,6 mm) e junho/ 2004 (642,9 mm) e 0s
menores, em novembro /2003 (16,1 mim) ¢ maio/ 2004
(1603 mm), em maio, evidenciando-se a ocorréncia
de estacdes seca (agosto - dezembro) e chuvosa (ja-
neiro - julha).

O periodo de desova da espécie antecedeu
as condicoes ambientais favoraveis, de forma que
o seu pico coincidiu com o dltimo més de estiagem
{dezembro), adentrando no periodo chuvoso e
corroborando as informagdes de Costa ef al, (1995),
A desova coletiva ocorreu nos meses de selembro
a margo, coincidindo com o periodo de interfase
entre as estagoes seca ¢ chuvosa (Figuras 5 e 6). Em
regides lropicais, onde as variacoes estacionais da
temperatura sao pouce significativas, a precipita-
cio pluviométrica desempenha um papel decisivo
na determinacio de ciclos reprodutivos {Parsons
ef al., 1984).
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CONCLUSOES

1. Os comprimentos médios na 1 maturidade sexual
foram 345 mm CT (machos) e 280 mm CT (fémeas),
havendo equilibrio na proporcao sexual de 1M : TF.

2. O Indice Gonadossomitico variou nas faixas de
1,10 - 4,66 (machos) e 1,18 - 13,54 (fémeas).

3. A serra apresentou desova do tpo tolal, com época
principal de ocorréncia no periodo setembro-margo,
com pico em dezembro,

4. As fecundidades absoluta e relativa foram estima-
das em 871.523 dvulos e 952 dvulos por grama.
5.0 emprego de redes com malhas pequenas na drea
de ocorréncia da serra determina a captura de ju-
venis, o que prejudica o recrulamento da espécie.
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ABSTRACT

Scomberomorus brasiliensis is a commercially important species, which occurs in the
coastal waters of the Western Atlantic, along the Caribbean and Atlantic coasts of Central and
South America, from Belize to Rio Grande do Sul, Brazil. This study verified the
macroscopic and histological characterization of gonads, body size, sex ratio, gonadosomatic
index, fecundity and spawning season of this species. A total of 424 males (51.3%) and 402
females (48.7%) were collected, total body length of males ranged from 92 to 661 mm and of
females from 93 to 805 mm. There was a balanced sex ratio, with females slightly bigger and
heavier than males and the onset of sexual maturity in males occurred earlier. Total fecundity
was 871,523 mature eggs while relative fecundity was 952 eggs female g . Ovaries revealed
five stages of gonadal maturation and testes showed four stages. Relative frequency
distributions of the oocyte diameter sizes indicate total spawning. Monthly values of GSI,
gonadal maturation pattern and period of reproductive activity suggest that reproduction is
influenced by the rainy season.
Key Words: Scomberomorus brasiliensis; reproduction; gonadal development; histology of

gonads.
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INTRODUCTION

Scomberomorus brasiliensis (Collette, Russo & Zavala-Camin) (Osteichthyes:
Perciformes: Scombridae) occurs in the Western Atlantic, along the Caribbean and Atlantic
coasts of Central and South America, from Belize to Rio Grande do Sul, Brazil (Collette et
al., 1978). S. brasiliensis is an important fishery resource of the western Central Atlantic
waters and of Northeastern Brazil. It is a major component of the Brazilian northeast artisanal
fishery and has high commercial value (Lucena et al., 2004; Lima et al., 2005).

Although S. brasiliensis is an important food fish throughout most of its distributional
range, limited details are available about the reproductive characteristics of this species
(Gesteira & Mesquita, 1976; Fonteles-Filho, 1988). Description of reproductive
characteristics was a major aspect of the current study, since this information is required for
stock assessment and for management controls. Information on fecundity and spawning are
also required for stock assessments, which is insufficiently described in the literature available
for this species. Considering this plethora of factors, the main objective of this study was to
provide a comprehensive description of the reproductive biology of S. brasiliensis.
Furthermore, this work presents and extends information on gonad development based on
macroscopic stages and histological characteristics, sex ratio, size at sexual maturity,
fecundity, spatial and temporal patterns in gonadosomatic index (GSI), type of spawning and

reproductive period of S. brasiliensis.

MATERIALS AND METHODS
SAMPLE COLLECTION
During the period of August 2005 to July 2006, monthly samples of S. brasiliensis
were collected from artisanal fishermen at various locations in the coastal waters situated
between latitudes 05° 52” 30°* - 05°45° 00’ S, and longitudes 35° 08* 00" - 35° 10’ 35> W,

northeastern Brazil. Fish were caught by local fishermen using beach-seines from the coastal
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waters of approximately <10 m depth. The beach-seines were 110 m in length, 3 m in height,
with a mesh size of 1 cm in the central part and 7 cm in the extremities. Fish collected from
the beach-seine fishing process were transported to the laboratory on ice. They were
numbered, measured, weighed and samples of whole fish were used for morphometric
analysis to confirm the taxonomical identification of the species based on Collette et al.
(1978) and Carpenter (2002). Rainfall data of the region during the study period were
obtained from the Meteorological Department of Natal, Brazil.

MEASUREMENTS

A total of 826 fish was collected during the study period and the sample size was
sufficiently large to allow accurate estimations. The total body lengths of fish sampled were
measured (£ 1 mm) and body mass recorded (= 1 g). Fish were dissected within a few hours
of capture, and gonads were removed, weighed (+ 0.1 mg) and examined to separate the sex.
Sex ratio was verified based on the monthly distribution of relative frequency of males and
females. The length and weight composition of the males and females were determined based
on the mean distribution of their class frequencies and grouped with intervals of 100 mm and
500 g (Vazzoler, 1996).
DETERMINATION OF SIZE AT MATURITY

Size at sexual maturity (£so & Li90) wWas established by calculating the percentage of
mature and immature gonads observed for fish of given size classes, using total length (mm),
sex and stages of gonad development of each individual. Both €59 (when 50% of individuals
were with gonads in maturing stages) and €0 (when all individuals were ready to participate
actively in reproduction) were determined. Logistic curves were fitted to data by the use of a
non-linear least-squares procedure weighted by the number of fish in each length-class

(Fonteles-Filho, 1989).
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MACROSCOPIC AND HISTOLOGICAL EXAMINATIONS OF GONADS

The location and general aspects of the ovaries and testes were noted and stage of
reproductive maturity determined using a macroscopic staging system. The degree of
turgidity, colour and presence of blood vessels of the gonads were observed (Vazzoler, 1996;
Mackie & Lewis, 2001). In order to avoid possible variation in the developmental stage of
oocytes due to their position in the ovaries, histological examinations were carried out on
sections from the anterior (cephalic), middle (central), and posterior (caudal) regions of 20
ovaries in different developmental stages (Yoshida, 1964). Development of sperm tissue
throughout the testes was compared by microscopic examination of sections taken from
anterior, middle and posterior sections of each lobe (n = 20). These data were later compared
in order to determine whether samples taken from mid-section of the gonad of either lobe
were representative of gamete development throughout the ovaries.

The gonads were preserved in Bouin’s solution, later embedded in paraffin, sectioned
at 3 — 5 um thickness, and stained with Harris hematoxylin and eosin (H&E). Ovarian
developmental stages were assessed microscopically with the help of light microscope
(Taimin, model TM 800), coupled with a video camera (Kodo Digital). The terminology used
for stages of oogenesis followed that of West (1990) and Palmer et al. (1995).

ESTIMATION OF GONADOSOMATIC INDEX

Periodicity of gonadal development and seasonal reproductive activity were estimated
by the gonadosomatic index for each fish. GSI was estimated by dividing the weight of
gonads by its body weight and multiplying by 100 (Wootton et al., 1978).

ANALYSIS OF FECUNDITY AND BREEDING

For each stage of development, the diameters of oocytes from different ovaries (n =20)
were measured with an ocular micrometer (+ 1 um). The diameter of 60 oocytes at different
stages of development was done using fresh ovaries. Each oocyte was measured twice on

perpendicular axes, and the mean of the two measurements was used to represent the average
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diameter of the oocyte. In addition, the relative proportion of oocytes sizes present were
estimated and size frequency distribution of the oocytes was plotted (Palmer et al., 1995).

Period of breeding was determined by the temporal relative frequency distribution of
the different stages of maturation of gonads of males and females. This study focused more on
ovaries since their developmental stages were easier to distinguish than in testes, and because
ovarian development usually defines the spawning season and number of offspring produced
during spawning (De Martini & Fountain 1981).

DATA ANALYSIS

Sex ratio (M:F) was tested using y” test at 5% level. Gonadosomatic indices of males

and females during rainy and dry periods were compared at 5% level using Kruskal-Wallis

One Way Analysis of Variance on Ranks (Software Statistica, version 7.0 Windows).

RESULTS

SEX RATIO

A total of 826 samples of S. brasiliensis were collected during the study period, out of
which 424 were males (51.3%) and 402 were females (48.7%). The monthly distribution
frequency of occurrence of males and females show that sex ratio for the total sample was
equivalent to 1M:1F as expected, although with a slight predominance of males (Fig. 1).
During the drought period males occurred more (52%, n =275) than females (48%, n =249).
On the other hand, females occurred more (51%, n =153) than males during the rainy season

(49%, n =149). However, the overall difference was not significant statistically at 5% level

(P>0.05).
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FIG. 1. Monthly frequency of occurrence of males and females of Scomberomorus

brasiliensis during September 2005 to August 2006.

TOTAL BODY LENGTH AND WEIGHT

Amplitude of total body length (Lt) of both males and females varied from 92 to 805
mm (mean 298.0 + S.D. 146.8), that of males alone ranged from 92 to 661 mm (306 + 139)
and of females from 93 to 805 mm (289.2 + 153.4) (Fig. 2). During the drought period, total
body length of males and females ranged from101 to 598 mm (344.4 + 136.4) and 107 to 805
(312.2 £+ 176.5) respectively. During the rainy season, total length of males and females
varied from 92 to 661 mm (2859 + 37.5) and from 93 to 565 mm (275.0 + 135.9)
respectively. A higher frequency of occurrence of total body length for males was registered
in the class intervals between 100-200 mm and 400-500 mm during the wet and dry periods
respectively, whereas the same for females was observed throughout the year in the class

intervals between 100-200 mm.
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FIG. 2. Monthly variation in amplitude of total body length of males and females of S.

brasiliensis during September 2005 to August 2006

The amplitude of total body weight (Wt) of males and females ranged from 7.7 to
3385 g (256.4 + 358.9), that of males varied from 7.7 to 1493.5 g (250.0 + 274.2) and of
females varied from 8.1 to 3385 g (265.6 + 430.9) (Fig. 3).Thus females were significantly
heavier than males. During the drought period, total body weight of males and females varied
from 14.6 to 1310 g (313.4 + 243.9) and 8.1 to 4390 g (382.4 + 692.5) respectively. During
the rainy season, total weight of males and females varied from 7.7 to 1493.5 g (215.6 + 83.8)
and 11 to 1015.8 g (206.5 + 250.9) respectively. A higher frequency of occurrence of total

body weight of males and females was observed in the class intervals between 7 to 500 g.
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FiG. 3. Monthly variation in amplitude of total body mass of males and females of S.

brasiliensis during September 2005 to August 2006.

SIZE AT MATURITY (€50 & £100)

Fifty percent maturity was attained by males and females of S. brasiliensis at 280.5
mm. In case of males 50% maturity was attained at 246 mm and females at 315 mm. All
males and females were mature (£99) at 440 and 520 mm respectively. Onset of maturity for
males were earlier during the dry period at 255 mm ({s9) and 450 mm (€;¢9) and during the
rainy season they mature later at 246 ({so) and 460 mm (£;99). A similar pattern was observed
for females, they mature earlier during dry season at 315 and 500 mm ({so and £,00) and at

320 and 515 mm during rainy season.

MACROSCOPIC AND HISTOLOGICAL EXAMINATIONS OF GONADS
The gonads of male and female S. brasiliensis were bi-lobed, elongate, and joined
posteriorly to form a short gonoduct leading to the urogenital pore. The macroscopic staging

of ovaries and testes based on the external appearance showed four stages: immature,
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developing, mature and spent (Fig 4). Classification and description of the macroscopic
aspects of gonad maturity stages in the females and males of S. brasiliensis are given in Table

I and II.

FI1G. 4. Macroscopic aspects of gonads in females (left) and males (right) of S. brasiliensis:

(a) Immature gonads, (b) developing gonads, (c) mature gonads and (d) spent and resting

gonads (Scale bar =35mm).

Microscopic examination of histological sections of ovaries showed that the oocyte
development was consistent along the whole length of the ovary depending on the degree of
ovarian maturation. Ovaries revealed five stages of development: immature, early developing,
late developing, mature, spent and resting. (Tab. I, Fig. 5 a-f). Testes showed four stages of
development of spermatogonia, spermatocytes, spermatids and spermatozoa: immature,

developing, mature, spent and resting (Tab. II).
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FIG. 5. Histological aspects of oocyte stages in ovarian development of S. brasiliensis: (a)
nest of oogonia; (b) chromatin nucleolus stage and early perinucleolar stage oocytes; (c)
oocyte in yolk vesicle stage; (d) oocyte with yolk granules and oil vesicles stage; ()

mature oocyte; (f) oocyte in the process of atresia in a spent ovary (Scale bar =100 um).
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TABLE |. Macroscopic and histological classification and descriptions of the ovarian maturity

stages of S. brasiliensis.

Stage Macroscopic description Histological description

Immature Ovaries small thread-like and ~ Chromatin nucleolar stage, clusters of very small
translucent (Fig. 4a). Found  oocytes found lying just beneath the ovigerous lamella;
in fish <200 mm. young germ cells compactly fill the ovaries (Fig. 5a).

Early Ovaries pinkish red and Perinucleolar stage, oocytes with nucleoli at

Developing:  translucent (Fig. 4b). periphery of nucleus and cytoplasm thickens (Fig. 5b).

Cortical alveoli stage, oil vesicles appear (Fig. 5¢).
Ovaries with early yolk globule and previtellogenic
stage oocytes.

Yolk stage, oocytes show the presence of yolk granules

Late Large ovaries with small

near the periphery and oil vesicles within the inner
Developing:  opaque oocytes visible to the
region of the cytoplasm (Fig. 5d). Cytoplasmic vesicles
naked eye.
with a uniform distribution.

Mature Ovaries big and turgid, Nuclear migration and hydration stages, maturation
reddish with numerous into this stage is marked by the migration of the
oocytes, and intense nucleus to the periphery of the oocyte, fusion of yolk
superficial vascularization granules into yolk plates and coalescence of oil
(Fig. 4c). droplets. (Fig. 5¢). Nucleus breaks down when it

reaches the periphery, hydration occurs.

Spent Ovaries flaccid, pink and Central region of the ovaries show hemorrhaging areas,

& Resting wrinkled (Fig. 4d). empty spaces and residual oocytes in the reabsorbing

process of atresia (Fig. 51).
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TABLE Il. Macroscopic and histological classification and descriptions of the testicular

maturity stages of S. brasiliensis.

Stage Macroscopic description Histological description
Immature Testes small, extremely thin and Grups of germinative cells (spermatogonia)
translucent (Fig. 4a). inside the testes, with basophylic nucleus and

reduced cytoplasm.

Developing ~ Testes are lobed, whitish with blood  Cysts of spermatocytes and spermatids in

vessels appearing in the periphery the tubes and central canal of the testes.
(Fig. 4b).

Mature Testes large and turgid, whitish with  Testes with plenty of spermatozoa in the
presence of blood vessels (Fig. 4c). tubes and central canal.

Spent Testes flacid, light brown with blood  Testes with residual spermatozoa in the

& Resting vessels (Fig. 4d). central canal.

GONADOSOMATIC INDEX (GSI)

Mean GSI for grouped sex was 0.25%, which varied from 0.01 % to 7.14 % (+ 0.66).
GSI of males varied from 0.01 to 2.2 (0.16 + 0.25) and females from 0.02 to 7.14 (0.34 +
0.91). Monthly values of GSI of developing, mature and spent females showed a period of
peak reproductive activity during March-June. In April the adult females (n =4) had GSI
varying from 0.14 to 3.24 (1.69 + 1.78) and in June (n =16) from 0.08 to 4.14 (1.10 + 1.81).
GSI of adult males in February (n =24) varied from 0.11 to 1.18 (0.51 + 0.40) and in July (n
=15) from 0.10 to 1.16 (0.46 + 0.44) (Fig. 6). Reproductive activity occurred during rainy
season which lasted from February to August. During the rainy period GSI of males varied
from 0.01 to 2.2 (0.16 + 0.25) and that of females from 0.02 to 4.14 (0.27 + 0.67). During
drought GSI of males varied from 0.01 to 1.36 (0.16 + 0.18), and that of females from 0.02 to

7.14 (0.46 + 1.19). The highest GSI of females registered was in November (7.14) due to the
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presence of only one mature individual with high GSI. The differences in the median values

of GSI did not show significant difference (P >0,05).
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FIG. 6. Monthly variation in GSI in females and males of S. brasiliensis during September

2005 to August 2006.

FECUNDITY AND BREEDING

Mature females had a total body length of 712.7 mm (+ 117.3) and weighed 2476.9 g

(+ 1043.82), with ovaries on an average weighing 71.3 g (+ 36.8). Total fecundity was

871,523 mature eggs and relative fecundity was 952 mature eggs g . Mature ovaries showed

the reserve stock of perinucleolar stage oocytes (phase II) with diameter size <120 pum and

mature oocytes with diameters ranging from 600 pum to 750 um. Relative frequency

distributions of the oocyte diameter sizes indicate that S. brasiliensis is a total spawner.

Evidence of spawning was found in the histologically processed ovaries. The period of peak
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reproductive activity occurred during March — June, coinciding with the rainy season which
lasted from February to August.

RAINFALL

During the study period rainfall varied from 1.2 mm in November, 2005 to 427.9 mm
in April, 2006 (138.9 + 135.9). During this period northeastern Brazil experienced 5 months
of drought, from September to January with rainfall ranging from 1.2 mm to 43.9 mm (21.3 +
17.4), and 7 months of rain, from February to August ranging from §87.2 mm to 427.9 mm
(206.7 £ 128.1).

DISCUSSION

The present study documents the sex ratio, onset of sexual maturity, changes in the
reproductive activity, fecundity and breeding in S. brasiliensis occurring in the coastal waters
of Northeastern Brazil.

Sex ratio and size structure constitute basic information in assessing reproductive
potential and estimating stock size in fish populations. A balanced (Imale to 1female) sex
ratio was observed for S. brasiliensis with no significant temporal differences. Regional
differences in fishing gear can affect catch and probably more females can be caught due to
the type of fishing gear used, thus resulting in biased sex ratios as have been observed by
several workers. For S. maculatus captured in Venezuela, Franco (1992) observed a sex
composition of 54.9% of males and 44.1% of females. In the Maranhdo coast of Brasil, a
significant difference in sex ratio for S. brasiliensis was recorded (Silva et al., 2005), where
females were predominant and outnumbered the males (1M:2F).

Fish population size structure is very important to assess the stock. This study
establishes that females of S. brasiliensis are slightly bigger and heavier than males, in
accordance with previous works carried out on this species (Fonteles-Filho, 1988; Franco,
1992). Growth of females most probably reflect the reproductive cycle, and as the ovaries

mature they increase in weight and hence in total weight of fish. Differences in growth
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patterns of males and females can thus provide a mechanism for an adaptive phenotypic
response to changes in tropical coastal environments (Aratujo & Chellappa, 2002).

The onset of sexual maturity represents a critical transition in the life history, since
resource allocation is related mainly to growth before and to reproduction after the sexual
maturity (Potts & Wootton, 1984). Thus, size at maturity of males and females is an important
reproductive characteristic of fishes (Luksenburg & Pedersen, 2002; Chellappa et al., 2005;
Murua & Motos, 2006). In the current study, the onset of sexual maturity in males S.
brasiliensis was earlier than in females, as development of testes occurred at a smaller body
size than for ovaries. The males matured earlier than the females both during the rainy and
drought periods. All males were mature at 440 and females at 520 mm and all fish below 200
mm were immature, in accordance with works conducted with on this species (Gesteira &
Mesquita, 1976; Franco, 1992). Fish can achieve sexual maturity at sizes which are small in
comparison with those found in other populations of the same species due to phenotypic
plasticity, which allows them to respond adaptively to the environmental change. Detailed
information on size at sexual and maturity gonad development of fish permits the calculation
of minimum size at capture, in order not to deplete the breeding stock.

The present study establishes four macroscopic stages for males and females and five
stages of ovarian follicle development for females of S. brasiliensis. The macroscopic
classification and histological analyses of the ovaries and testes suggest that there is a regular
pattern of gonadal development for each maturity stage, the immature, developing, mature
and spent stages. Dias et al. (1998) discussed the possible omissions of the various gonadal
developmental stages due to macroscopic analyses and high-lighted the importance of
histological studies involving microscopic observations in order to correct the same.
Macroscopic analyses of gonads enable only gross information and may involve errors and
omissions, whereas, histological studies have revealed various ovarian developmental stages

for fishes, such as, in blue warehou, Seriolella brama (Giinther) (Knuckey & Sivakumaran,
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2001), flying fish, Hirundichthys affinis (Giinther) (Aratjo & Chellappa, 2002) and
Argentine hake, Merluccius hubbsi Marini (Honji et al., 20006).

Fecundity plays a key role as both a critical parameter of stock assessment based on
egg production and as a fundamental aspect of fish population dynamics. Fecundity in S.
brasiliensis show a decreasing tendency since 1972, from a total fecundity of 2,047,000 eggs
and relative fecundity of 1,892 eggs female g ' (Gesteira, 1972) to a total fecundity of
871,523 mature eggs and relative fecundity of 952 eggs female g ™' in the present study. The
following reasons can possibly be contributing to this situation. First, the indiscriminate
harvesting of S. brasiliensis populations in the coastal waters of northeastern Brazil is
possibly leading to a situation where the number of fish that reach maturity is being
progressively reduced, thereby lowering their reproductive capacity. Second, the decrease in
fecundity over the period 1972-2006 in S. brasiliensis can indicate a decrease in reproductive
effort among spawning females during the latter period. This also suggests that the decrease in
fecundity was primarily due to a decrease in the number of eggs g ' in the ovaries. S.
brasiliensis is a total spawner releasing all of mature oocytes at the same time, on the other
hand multiple spawners are characterised by the temporal pattern of ovarian stages, with the
release of mature oocytes in batches as in Cichla monoculus Spix & Agassiz (Chellappa et al.,
2003).

The reproductive process, such as gonad maturation, in tropical fishes is influenced by
various environmental changes induced by the onset of rains. Drought is a natural climatic
situation which is characteristic of northeastern Brazil, with irregular distribution of rain in
the region (Serhid, 2006). The spawning characteristics of males and females of S.
brasiliensis showed that the peak period of reproductive activity was during March-June
coinciding with the rainy season and very few spawning fish were found outside these
months. The macroscopic and histological analysis of gonads equally confirmed that breeding

season commenced with the onset of rains.
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It is interesting to observe that the peak breeding season of S. brasiliensis in
northeastern Brazil takes place in a sequential manner, March-June in the coastal areas of
Natal, September in the littoral of Ceard and October in Maranhao coastal waters (Gesteira &
Mesquita, 1976; Batista & Fabré (2001). A similar trend was observed in Australia for
Spanish mackerel S. commerson Lacepede (Mackie et al., 2005). These probably reflect their
migration for feeding and reproductive purposes. In tropical regions the rainfall plays an
important role in determining the reproductive cycles of fishes and collective reproduction
occurs during the time when environmental conditions are favorable for the survival of
juvenile forms and when adequate food is available, besides protection from predators.
Monthly variations of GSI of S. brasiliensis showed that peak breeding coincides with rainy
season and possibly better environmental conditions.

Conservation of fish stocks in their natural habitat are usually endangered by abusive
fishing of immature fishes which have not yet completed their reproductive cycle, as
recruitment via reproduction is the means by which the resource is renewed (Lucena et al.,
2004). The traditional fishing communities depend on small scale artisanal fishery, which
reflects their way of making a living and sustain their lifestyle. Though it is important to
preserve this, it is also vital to programme the sustainability and conservation of the fisheries
resource. In the predatory fishing technique of beach seine nets with small mesh size are used,
in order to catch shrimps, which accounts for a large by-catch of small sized immature S.
brasiliensis. Measures should be taken to regulate this fishery in order to conserve this

valuable fishery resource.
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Running headline: Ovarian development of Serra Spanish mackerel

Abstract

The Serra Spanish mackerel, Scomberomorus brasiliensis is an important fishery resource of the Atlantic Ocean and is a
major component of the Brazilian artisanal fishery. Ovarian development and spawning period of S. brasiliensis in the
Southwest Atlantic coastal waters were investigated using both macroscopic and histological techniques. Mean monthly

values of GSI and ovarian maturation indicate that the main spawning period occurs during the rainy season.

Keywords: Serra Spanish mackerel; spawning period; ovarian development; histology of ovary.

1. Introduction

The Serra Spanish mackerel,
Scomberomorus brasiliensis (Collette, Russo
& Zavala-Camin) (Osteichthyes: Scombridae)
occurs in the Western Atlantic, along the
Caribbean in Central Atlantic coasts and
Southwest Atlantic from Belize to Rio Grande
do Sul, Brazil (Collette et al., 1978). It is an
important fishery resource of the Atlantic
Ocean and is a major component of the
Brazilian artisanal fishery with  high
commercial value.

Although S. brasiliensis is an important
food fish throughout most of its distributional

range, limited details are available about the

gonadal development of this species.

Information on ovarian maturity is required
for stock assessments, which is insufficiently
described in the literature available for this
species. Some aspects of the reproductive
biology of S. brasiliensis have been studied
throughout its geographical range. In
Southwest Atlantic coastal waters, females of
S. brasiliensis attain gonad maturity at 280
mm and males at 345 mm of total body length
(Lima et al., 2007). Estimates of absolute and
relative fecundity have been made (Gesteira,
1972; Gesteira & Mesquita, 1976; Lima et al.,
2007). Despite these studies, a complete
description of the reproductive cycle of S.
including

brasiliensis oogenesis  and

spawning strategy has not been documented.



The objective of this study was to provide
a comprehensive  description of the
macroscopic and histological aspects of
ovarian maturation of Serra  Spanish
mackerel, S. brasiliensis of the Atlantic
Ocean coastal waters of northeastern Brazil.
This study also examines the annual variation
in the gonadosomatic index focusing on
spawning season. An attempt is made to
correlate the spawning season of this species
with rainfall, one of the environmental factors

known to modulate the duration and timing of

the spawning period of tropical fish.

2. Materials and methods

2.1 Sample Collection

During the period of September 2005 to
August 2006, monthly samples (n = 20) of
Serra Spanish mackerel were collected from
artisanal fishery at various locations in the
coastal waters situated between latitudes
0°00° and 10°00’S, longitudes 32°00° and
40°00°W in  the Southwest Atlantic
specifically from Natal Division of Northern
Sub-area (Figure 1). The samples collected
were random subsamples of a larger catch
landed by fisherman. Fish were caught by
local fishermen using beach-seines from the
coastal waters of approximately <10 m depth.
The beach-seines were 110 m in length, 3 m
in height, with a mesh size of 1 cm in the
central part and 7 cm in the extremities. Fish

collected from the beach-seine fishing process

were numbered, measured, weighed and
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samples of whole fish were wused for
morphometric analysis to confirm the
taxonomical identification of the species
(Carpenter, 2002). Rainfall data of the region
was obtained from the Meteorological

Department of Natal, Brazil.

Southwest
Atlantic Ocean

Sites of fish

Figure 1. Fish collection site in the coastal waters of
the Southwest Atlantic.

2.2 Measurements

A total of 826 fish was collected during the
study period and the sample size was
sufficiently large to allow accurate
estimations. The total body length (Lt) of fish
were measured to the nearest 1 mm and body
mass (Wt) recorded (= 1 g). Fish were
dissected within a few hours of capture, and

gonads were removed, weighed (Wg £ 0.1

mg) and examined to separate the sex. A total



of 402 females collected were separated for

detailed studies.

2.3 Macroscopic and histological

examinations of ovaries

The location and general aspects of the
ovaries were noted and stage of reproductive
maturity determined using a macroscopic

staging system.

The degree of turgidity, colour and
presence of blood vessels of the ovaries were
observed (Mackie & Lewis, 2001). In order to
avoid possible variation in the developmental
stage of oocytes due to their position in the
ovaries, histological examinations were
carried out on sections from the anterior
(cephalic), middle (central), and posterior
(caudal) regions of 20 ovaries in different
developmental stages (Yoshida, 1964).

These data were later compared in order to
determine whether samples taken from mid-
section of the ovary of either lobe were
representative of oocyte development. The
gonads were preserved in Bouin’s solution,
later embedded in paraffin, sectioned at 3 — 5
pum thickness, and stained with Harris
hematoxylin and eosin (H&E).

Ovarian  developmental stages were
assessed microscopically with the help of
light microscope (Taimin, model TM 800),
coupled with a video camera (Kodo Digital).
The terminology used for stages of oogenesis
followed that of West (1990) and Palmer et
al. (1995).
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2.4 Estimation of Gonadosomatic index and

spawning period

The gonadosomatic index (GSI) was
calculated using the formula of Wootton ef al.
(1978): GSI = weight of ovary (g) / body
weight of fish (g) - weight of gonads (g) X
100. Period of breeding was determined by
the temporal relative frequency distribution of
the different stages of ovarian maturation (De

Martini & Fountain 1981).
2.5 Statistical analyses

Gonadosomatic indices of females during
rainy and dry periods were compared at 5%
level using Kruskal-Wallis One Way Analysis
of Variance on Ranks (Software Statistica,
version 7.0 Windows). Pearson’s correlation
tests were performed to determine the
correlation between the variables weight and
length of host fish and number of parasites.
The t-test was applied to compare the mean
condition factor of the parasitized and non-
parasitized fish. The y* (chi-square) test was
used to verify the differences and their
significance (5%) in the proportion between
parasitized male and female host fish. The
statistical analyses were conducted using

Statistica 7.0 software.

3. Results
3.1 Rainfall

During the study period rainfall varied

from 1.2 mm in November, 2005 to 427.9 mm



in April, 2006 (138.9 + 135.9). During this
period northeastern Brazil experienced 5
months of drought, from September to
January with rainfall ranging from 1.2 mm to
43.9 mm (21.3 + 17.4), and 7 months of rain,
from February to August ranging from 87.2
mm to 427.9 mm (206.7 + 128.1).

3.2 Total body length and weight

Amplitude of total body length (Lt) of the
sampled females over the whole year varied
from 93 to 805 mm (289.2 + 153.4). During
the drought period, their total body length
ranged from 107 to 805 (312.2 + 176.5), and
during the rainy season from 93 to 565 mm
(275.0 + 135.9). A higher frequency of
occurrence of females in the class intervals
100 - 200 mm. of total body length was
registered throughout the year. The amplitude
of total body weight (Wt) of the females
varied from 8.1 to 3385 g (265.6 + 430.9)
over the year. During the drought period, total
body weight of females varied from 8.1 to
4390 g (382.4 + 692.5) and during the rainy
season from 11 to 1015.8 g (206.5 + 250.9).
A higher frequency of occurrence of females
in the class intervals 8 to 500 g of body

weight was observed throughout the year.

The amplitude of gonad weight (Wg)
varied from 0.005 to 119.99 g (2.97 + 0.72)
over the year. The analize of the figure 2a and
b shows the positive correlations (*>0.7) of
body mass and length and of gonad weight

and body mass of females S. brasiliensis.
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3.3 Macroscopic and histological aspects of
ovaries

The ovaries were bi-lobed, elongate, and
joined posteriorly to form a short gonoduct

leading to the urogenital pore.
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Figure 2. Correlations of (a) body mass (Wt) and
length (Lt); (b) gonad weight (Wg) and body mass
(Wt) of females S. brasiliensis.

The macroscopic staging of ovaries based
on the external appearance monthly showed
four stages: immature, developing, mature
and spent (Figure 3). Classification and
description of the macroscopic aspects of
ovarian development stages are given in table

L.



The figure 4 shows the monthly frequency
of ovarian maturity stages in S. brasiliensis

during 2005 to 2006.

35 mm

Figure 3. Macroscopic aspects of ovaries of S.
brasiliensis (a) immature, (b) developing, (c) mature
and (d) spent (Scale bar = 35mm).
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Figure 4. Monthly frequency of ovarian maturity
stages in S. brasiliensis during 2005 to 2006.

Microscopic examination of histological
sections of ovaries showed that the oocyte
development was consistent along the whole
length of the ovary depending on the degree
of ovarian maturation. Ovaries revealed five

stages of oocyte development: immature,
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early developing, late developing, mature,

spent & resting (Table I, Figure 5a-d).
3.4 Gonadosomatic Index (GSI)

GSI of females varied from 0.02 to
7.14 (0.34 + 0.91). Monthly values of GSI of
developing, mature and spent females showed
a period of peak reproductive activity during
the months of March to June. In April the
adult females (n =4) had GSI varying from
0.14 to 3.24 (1.69 + 1.78) and in June (n =16)
from 0.08 to 4.14 (1.10 + 1.81) (Figure 6).
Reproductive activity occurred during rainy
season which lasted from February to August.
During the rainy period, GSI of females
varied from 0.02 to 4.14 (0.27 + 0.67) and
during the dry season, GSI ranged from 0.02
to 7.14 (0.46 + 1.19). The highest GSI of
females registered was in November (7.14)
due to the presence of only one mature
individual with high GSI. The differences in
the mean values of GSI did not show

significant difference (P >0,05) (Figure 6).
3.5 Spawning period

Mature females had a total body length of
712.7 mm (+ 117.3) and weighed 2476.9 g (+
1043.82), with ovaries on an average
weighing 71.3 g (+ 36.8). Mature ovaries
showed the reserve stock of perinucleolar
stage oocytes (phase II) with diameter size <
120 pm and mature oocytes with diameters

ranging from 600 to 750 pum.
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Evidence of spawning was found in the March — June, coinciding with the rainy
histologically processed ovaries. The period season which lasted from February to August.

of peak reproductive activity occurred during

Figure 5. Histological aspects of oocyte developmental stages of S. brasiliensis: (a) nest of oogonia; (b) chromatin
nucleolus stage and early perinucleolar stage oocytes; (c) oocyte in yolk vesicle stage; (d) oocyte with yolk granules and
oil vesicles stage; (e) mature oocyte; (f) oocyte in the process of atresia in a spent ovary (Scale bar =100 pm).
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Figure 6. Monthly variation in Gonadossomatic Index (GSI) of S. brasiliensis during 2005 to 2006.



4. Discussion

The present study documents the changes
in the ovarian activity and spawning in Serra

Spanish mackeral occurring in the coastal

waters of Atlantic Ocean off northeastern

Brazil. Growth of females reflect

reproductive cycle,

mature they increase in weight and hence in

total weight of fish.

TABLE I. Macroscopic and histological classification and description of the ovarian maturity stages of S. brasiliensis.

Stage Macroscopic description Histological description

Immature Ovaries small thread-like and Chromatin nucleolar stage, clusters of very small oocytes
translucent (Figure 3a). Found in found lying just beneath the ovigerous lamella; young
fish <200 mm. germ cells compactly fill the ovaries (Figure 5a).

Ovaries pinkish red and Perinucleolar stage, oocytes with nucleoli at periphery of

Early translucent (Figure 3b). nucleus and cytoplasm thickens (Figure 5b).

Developing: Cortical alveoli stage, oil vesicles appear (Figure Sc).
Ovaries with early yolk globule and previtellogenic stage
oocytes.

Large ovaries with small opaque Yolk stage, oocytes show the presence of yolk granules

Late oocytes visible to the naked eye. near the periphery and oil vesicles within the inner region

Developing: of the cytoplasm (Figure 5d). Cytoplasmic vesicles with a
uniform distribution.

Mature Ovaries big and turgid, reddish Nuclear migration and hydration stages, maturation into
with numerous oocytes, and this stage is marked by the migration of the nucleus to the
intense superficial vascularization  periphery of the oocyte, fusion of yolk granules into yolk
(Figure 3c). plates and coalescence of oil droplets. (Figure Se).

Nucleus breaks down when it reaches the periphery,
hydration occurs.

Spent Ovaries flaccid, pink and wrinkled ~ Central region of the ovaries show hemorrhaging areas,

and Resting (Figure 3d). empty spaces and residual oocytes in the reabsorbing

process of atresia (Figure 5f).

Differences in growth patterns of females
can thus provide a mechanism for an adaptive
phenotypic response to changes in tropical
coastal environments. The onset of sexual
maturity represents a critical transition in the

life history, since resource allocation is

since as the ovaries

related mainly to growth before and to
reproduction after the sexual maturity (Potts
& Wootton, 1984). The present study
establishes four macroscopic stages and five
stages of ovarian oocyte development for

females of Serra Spanish mackerel. The



macroscopic classification and histological
analyses of the ovaries suggest that there is a
regular pattern of gonadal development for
each maturity stage, such as the immature,
developing, mature and spent stages.
Histological studies have revealed various
ovarian developmental stages for fishes, as in
blue warehou, Seriolella brama (Giinther)
(Knuckey & Sivakumaran, 2001), Argentine
hake, Merluccius hubbsi Marini (Honji et al.,
2006) and the white mullet, Mugil curema in
the South Caribbean (Solomon & Ramnarine,

2007).

The reproductive process, such as gonad
maturation, in tropical fishes is influenced by
various environmental changes induced by the
onset of rains. Drought is a natural climatic
situation ~ which is  characteristic  of

northeastern Brazil, with an irregular pattern

of distribution of rain in the region.

The spawning characteristics of females of
Serra Spanish mackerel showed that the peak
period of reproductive activity was during
March-June coinciding with the rainy season
and very few spawning fish were found
outside these months. The macroscopic and
histological analysis of ovaries equally
confirmed that breeding season commenced

with the onset of rains.

In tropical regions the rainfall plays an
important role in determining the reproductive
cycles of fishes and collective reproduction

occurs during the time when environmental
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conditions are favorable for the survival of
juvenile forms and when adequate food is
available, besides protection from predators.
Monthly variations of GSI of Serra Spanish
mackerel showed that peak breeding
coincides with rainy season and possibly

better environmental conditions.

It is interesting to observe that the peak
breeding season of Serra Spanish mackerel in
northeastern Brazil takes place in a sequential
manner, in the coastal arecas of Natal the
spawning season is from March-June whereas
in the Maranhdo coastal waters of Brazil
spawning has been reported in October
(Batista & Fabré, 2001). A similar trend was
observed in Australia for Spanish mackerel S.
commerson Lacepede (Mackie et al., 2005).
These probably reflect their migratory route

for feeding and reproductive purposes.

Conservation of fish stocks in their natural
habitat are usually endangered by abusive
fishing of immature fishes which have not yet
completed their reproductive cycle, as
recruitment via reproduction is the means by

which the resource is renewed.

The traditional fishing communities
depend on small scale artisanal fishery, which
reflects their way of making a living and
sustain their lifestyle. Though it is important
to preserve this traditional fishery, it is also
vital to programme the sustainability and
conservation of the coastal fisheries resources.

In the predatory fishing technique of beach



seine nets where small mesh sizes are used, in
order to catch shrimps, which account for a
large by-catch of small sized immature Serra
Spanish mackerel. Measures should be taken
to regulate this fishery in order to conserve

this valuable fishery resource.
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ABSTRACT. Liveneen redmdnnl Leach (lsopeda, Cymotholdae) and Raclnela signata Schicedre & Meinert (lsepoda,
Acgidae), ectoparasites of Scomberomorns brasiliensly Collere, Russo & Lavala-Camin (Ostheichthyes, Scombridae)
in Rio Grande do Morte, Brazil. Among the crustacean lsopoda there exists ecroparasites which are easy o
observe due to their size, They catse lesions on the host that could lead 1o death. The present study verified the
pocurrence of parasitic Bsopods on the fish Serra Spanish mackerel, Scomberomerus brasiliensis [Colleme, Russo &
Lavala-Camin, 1978) from che coastal waters of Rie Grande do Morte, Brazil. Indices of parasitic infection by
isopods were calculated and correlated to the body size, weight and the stage of gonadal maturity of the host.
Lvaneca redmanal [Leach, IBI8) [Cymothoidae) and Rocinele stpnatd [(Schioedie & Meinert, 1379 (Aegidae] were
registered for the first time in the coastal waters of Rio Grande do More, L redmann was encountered both in
the oral cavity and in the gill chambers of the host, whereas R sfgnaea was found only in the gill chambers,
Parasitic isopods were encountered on 3% of 5 braglilensts caprured, whereln 86% was {. redmanal and 4% was
E signata, The maximum parasicic intensity was four with a minimum of one sopods per host, The sepods
showed a preference for Immatuee and maturing stages of the host 5 brasiliensls,

KEY WORDS. Gill chamber iseped marine, oral cavivy, parasines, parasitic infecten.

RESUMO: Entre Isopodas Crustaceas existem ectoparasitos que sio de facll ebservacio devido ao seu tamanhe,
Eles causam lesdes mecinicas no hospedelro que pedem resultar em merce, Este trabalho verificou a exisiéngia
de parasitismo por Bopodos no peixe serra, Scomberomerus Brasiliensis [Collerre, Russo & Zavala-Camin, |978) das
aguas costelras do Rio Grande do Norre, Brasil. Os indices de infestagio parasivaria dos isdpodos foram calou-
lados & relaclonados com o tamanho, peso e o estade gonadal do hespedeiro. Livensca redmanal [Leach, 181B]
(Cymothaidae) e Rocinela sigrare (Schioedie 8 Meinert, 1879) (Aegidae] foram registradas pela primeira vez nas
aguas costeiras do Rio Grande do Morte. Os locais de fixacio de L redmanni no hospedeiro foram a cavidade
bucal € a cimara branquial, enquanto £ signata sempre fol encontrada na cimara branguial. Dos exemplares de
5. Brasiliensiz capturados 31 % estavam parasitados, onde 84 % eram de L redmannd ¢ 14 % de R signora. Foi
registrado uma intensidade minima de um ¢ maxima de guatro isdpodas por hospedeiro. Os isopodos apresen-
taram uma preferéncia pelos hospedeiros imaturos ¢ em maturacio de 5 brosiliensis,

PALAVRAS CHAVE. Cimara branquial, cavidade bucal, isopodas marinhos, parasitos, infestagio parasicaria,

Ma lctiofauna marinha da regido sul do Brasil fol registrado a Isépodos parasitos habitam a chmara branguial, cavidade bu-
crotrincia de espécies de ecloparasitos de Cymothoidae cal ¢ tegumaernto dos peixes, sendo fcilmente detectados a ollio
(Twsrcuma f af, 2003} e &5 esplcics de Acgidae foram encontra- nu (Emas of al. 2000, Tosrcrer 20000, As formas jovens dos pa-
das o sudeste do Brast] (sMorzira 1972, 1937 Os crustacens rasitos podem penctrar mais intensaomente ahalxo das cscamas

Revista Brasileira de Loclogia 22 (4) N04-108, derembro 2005
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nos

dos peixes, € 3 medida quee cresoem ocupam Boa parte da cavidas
de visceral, o que compromete o crescimento do animal. A guan-
tickacle @ o local e fixagko dos parasitos, bem come o tamanhe
o hospedeiro, cavsa alteragGes na capacidade respiratdsia dos
peixes, emagrecimento, redugko na taxa de crescimento e albe
ragdo ma capackdade natatdria, Em geral o4 ArAsitos sCarmam
lesives, cufios resultados powdern levar G imstalageo de infecgOes
gue propiciam & more do peixe (Pavasein ef ol 1999,

Sconmberontons Irasliensis ©uma espdoie marinha de valor
comercial gue habita a maior parte o litoral brasileing, com
exoegio das extremidades deo paorte ¢ fo sul (Zwane-Ca 19835
s dladdos da proddugdo pesqueina demaonstram gue a queantidade
desembirdicda apresentou uma tendincia de crescimento no Rio
Grapde do Norte, Ceard, Faul, Maranhdo e Pard (laasaa 2003).

Kcomberonones brasifiensis foi uma das espécies de prixes
marinhos das dguas costeiras do Rio de Janeino, Brasil, gue fo-
rarm estuclaclas em orelagio d biodiversidade parasitania (Logue ef
al. 200M ), no entanto, existe wma cardncia de informagies so-
bre o parasitismo do Scombridae no Rio Grande de Norte,

Fob verificada a existineia do parsitismo por isdpedos
et 5. Brarsiliensis capturados nas dguas costebras do Rlo Grande
clex Mo, O Indices de infestagdo parasitaria dos isdpodos lo-
ram caloulados ¢ relacionados com o Lamanha, peeso e o estadao
gomadal do serra.

MATERIAL E METODOS

As coletas dos pelxes-serea losam realizadas mensalmin-
te dusante o periodo de agosto de 2003 a julbo de 2004, nas
dguas costeiras da Praia de Ponta Negra (05°52°30°% ¢
JA0EMHFW, Iecalizada na reglbo urbana no municipio de
Matal, Rio Gramde do Norte, Brasil, Ok peises lotam capturados
por meie de eedes de arrasto de prais do tipo resmalhio com
11t e compreamento, 3 m de altura com malha centeal de
10k rrvm e 70 e mas extremidades, A rede fol langada a 100 m
e clistincia da prata, cm uma profundidade de 5 m, utilizandas
it pedueena balsa chamada catraka. Todo o processo, desde a
armumacio até a retizada da rede com os peixes, dura em tomo
de uma hara e 30 minutos, Mensalmente as coletas foram rea-
lezaddas com o uso de teks arrastos-de-praja consecutives com o
exforgo cbe seis a 12 pessoas,

No Laboratdrio de Ictiologia da Universidade Federal do
Rl Gramde do Mome od peixes foram medidos (comprimento
total em mm) ¢ pesados (peso total em gl Os valores
maorfomitrices ¢ meristicos dos peixes foram utilizados para
conflrmar a taxondmia da cspécle (Fosmeis-Fias 1988), Poste-
rlermente, os peives foram dissecados para a sexagem o o de-
nermimagac dos estadios de maturagio gonadal scguindo a
metobologia de Vaerooe (1996),

Foi realizada uma procura minuciosa de ectoparasitos ma
suprerficle corporal. na cavidade bucal ¢ na camara branguial
dos peixes, seguimdo as Wecnicas propastas por Faes of al, (2000),
O3 Bsdpodos foram cuidadosamente retirades ¢ acondiclona-
dos em tulsos die ensaio com dloool a 7096, posteriofmente sen.

dor icbentificados através da utilizagdo de chaves de identifica-
fdo (Tuarcies 20000,

O calculos dos indices paraditinios foram efetuados a
partic do formulirio de necropsia dos peixes gque contém infor-
maghes tais comao; o nimers de parasitos [sopodos cm cada
hesgeedeino & o pespectivo lecal de fxagio destes. 08 imdices
caloulados foram os seguintes: Prevaléncia (P = npp fn | 1040,
onde npp = nameros de ]h,'ixg's Fnr:uil:.‘,u,lm, e n o= numero de
peixes examinados; Intensidade (minimo e madxima); Intensi-
clale i de parasitos por peixes (lm = tppd npp), onde thp =
ndmero total de parasitos ma amostra; Abundancia (A = tpp/
ntpd, onde nip = nimeno tolal de preixes {parasitados ou o)
1 anostea (B et al. 1997) Foruom registradas também a rela-
gao parasito-hospedeire, o tamanho, o peso ¢ os estidios de
maturagio gonadal dos hospedelnos,

RESULTADOS E DISCLSSAO

A variagio do peso total de 5. Brasiliensis caprurados nes-
teoestudo fol de 15 8 3385 g ¢ a de comprimento total foi de
135 a 805 mm, ¢ observou-se a presenga dos estadios gonadais
imaruros, em maturagio, madwros ¢ esvaziadog,

O prarasitos identificados em 3. brarsifiensis pertencem a
duas familias: Cymothaldae, com a espibcie Lo redritarind (Leach,
1818) ¢ Acgidac, com a espécle R sigraefa (Schiioedte & Meinert,
1874,

Dhows preries serras capiurados 31 % estavam pagasitadeos,
totalizands 67 isdpodos fixados nas lamelas branguiais do pei-
xep @ maleris estava na cimara branguial (Figs 1-2) ¢ apenas
wim na cavidade bucal do peise (Fig. 3). Uma fémea da serma
apreseniava chuas {'i.]):t-ciu\ e i.M'EIp:h:tu:. aderidas ds hrinqul.rs, 4]
que cormespottde a um case de coexisténcla parasitiria.

Foram constatadas algumas alteragdes na cavidade
hramquial, dentee estas: lesdes mechnicas com produgio exoes-
stva di secregio mucosa ¢ falha nos filamentos berim ulas ou
lacunas o arco branguial, em decorrénela da fixagdo dos
indrpowbos mestes locais (Fig, 40,

Fam termeos e ovorrémcla, foram constatados 6% L
reatmiannd (Cymaothoidae) (Fig. 5pe 14% de B signane (hegicdae)
(Fig. &b s individuos de 3. brasilicvsis parasitados, Destes poi-
xes foram obiervados 23 machos ¢ 21 flmeeas, COomb uima pro-
pesrido sexual cquivalente a 1:0.

Bo presente estudo fod verificada 3 auséncia de correla-
pd0 enitre O parasito ¢ 0 sexo do bodpedeinro, além de ser reghs-
trado o co=existéncia de espécies de parasitos em peixes mari-
mhos igualmente constatados por Ouva & Lioue (19981 ¢ Luaw
ot al, {2004,

indices de infestagio parasitiria

Foi observada a maior prevaléncla de Cymothoidae em
dezembro de 2003, onde 75 % dos peixes capturados cstavam
parasitados (Fig. 7). Mo mesio mis as Sércs apresentaram
miador intensidade médiade 2,3 1. redmanni por peise parasitado
(Fig. $). A maior abundingia de L, redmninl ooofreu om maico
e 200, coan valor de 1,1 (Fig. 9.

Fevista Brasileira de Zoologia 22 (4F NOS-I0E, derembro 2005
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Feguras 1-6. Farasitos Lvonadd redmann ¢ Reciheld iignata em Scomiberomoanas brasiliermsis caplurados nas dguas cosleiras do Rio Grande
da Morte, [1:2) Lvomeco redmanni aderida 35 bringuias através da cdmara branguial (escala = 20 mml: (3) Lvovveca sedmannd adendo bs
bringuias pela cavidade bucal (escala = 2 0 mm): (4) lacunas nos arcos brandguias do hospedeno, decomente de besdes mechnicas pela
hxagko do sdpode (ewcala = 20 mm); (5) posicho dorsal e ventral de Dvonece redimonnd {lado a lada) (escala = 10 mamd; (6) posicio
dorsal @ ventral de Rocoelr signata (ledo a lado) (escala = 5 mmi).
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Figutas 7.9, indices de infestagio parasitina de Livoneca redmanni e Rocinels signata na serra, Scomberomarus brosiiensis capturados nas

aquas costeiras do Rio Grande do More,
intenssdade média; (9) variagio da abundinca relativa.
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Figuras 109-11. Peso total {g) e classe de comprmento (mm) de serras machos e fémeas parasitados ¢ ndo parasitadas: (10} machos
fémeas ndo parasilados & parasitados por isopodos nas dguas costeiras do Bio Grande do Morte em relagso a3 classes de comprments
total (mamn); (10) serras ndo parasitados ¢ parasitados por isdpodos nas dguas costeiras do Rio Grande do More em relagio ds classes de

comprimenta total {mm),

A nuvior Fm-v:l.ln:"lu.'iil the Avpiclae ocorrew em julio de 2004,
onde 44,44 % dos pelixes capturados cstavam parasitados (Fig.
71, MO mesim s s serras tveraam a maior intensidacde media
de 1,5 B signata por peixe parasitado (Fig, ). A maior abun-
clincia e B sigeata f03 registrado em julbo de 2004, equiva-
lente a 0,7 (Fig. .

0 pmero minimo de sdpodos por peise fod de am e a
muixima fol de quatre em um mesmao hospedeino, Em ogeral o
isOpodos apresentaram wina intensidade média de 1,5 isdpodos
por peixe parasitado, Meste estudo foa registrado uma abndin.
cia geral de 0,5 parasito por peixe. Este estudo estd em concor-
dimcia com os resultados relatados por Cavacuan of al, {2003,
B naserra, S Drasiliensis e palomibela, Shforoscombras drpsars
[Linnacus, 1766h),

Relacio parasitismo com tamanho, peso e estadio de desen-
volvimento das gdnadas do hospedeiro

As classes de comprimentos totals dos petxes gue maks es-
Eavam l'l:ir:lsi.La.:l-m. warianam entre 200 400 mm, cam wm ni-

mere imdxime de quatro isdpodos por hospedelro com internsi-
dade média em 205 isopodos por peise parasitado. O local de
fixagio pode determinar o emagrecimento do individuo
parasitade em ambiente confinasde (Pavasio ef al. 1999, Mo
entanto, neste estuwdo em ambiente natural, a fxagio dos isdpodos
na cavidade bucal ¢ na cimara branguial ndo influenciow o emas
grocimento do hospedeire, haja vista que ndo foram observadas
diferengas significativas ao nivel de 005 (pvalor @ O05) com o
teste-1 entre comprimento total, peso total o sexo dos peixes
parasitados por isopodos ¢ o nio parasitados (Figs 100e 11

s isopodos apresentaram uma preferéncia pelos hospe-
chebress em o esbidio inicial de desonsalvimenta gﬁnadal {51,
seguido pelos peixes em estidic em maturagdo (38%), estddios
mecluroes (596 ¢ esviiacos [ 2% I:Fi};, 12 A |||1:'!|.'ﬂ'|:u'i:|. o =
rasitos pelos hospedelros mads jovens possivelmente ocomme por
Cstes apresentafen mals fecursod CNergelicns, em relagio aos
madurcs ¢ csvaziadns, Estes GlUmos apresentam menos reservis
enrgiticas devido b meobilizagio :I:osus.'nr.u maturasgio gomacal
¢ a reproducio (Cameare of al. 1993, Howmmsrorn of af. 2001).

Revista Brasileira de Zoologia 22 (4] 1104-1108, derembro 2005
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Este estudo ¢ o primelro registro de isdpestos marinhos
das espdcies L. osednnnend ¢ B signatr na estado do Bio Grande
dir Morbe,

L]
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| | 2%
50 el | 1 . ====
IMATURC EM MATURACAD LADURD ESvaZIADG

Figqura 12. Mumero percentual dos pelses serra, Soomberormarns
Brasifiensis, parasitados por sdpadod, em relacio aos estadios de
maturagdo gonadal,
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Resumo O presente trabalho investigou a estratégia reprodutiva dos ectoparasitos
isopodos em duas espécies de peixes marinhos Choloroscombrus chrysurus e
Scomberomorus brasiliensis. Foram enfatizados os indices ecoldgicos parasitarios, o
tamanho e fecundidade dos is6podos em peixes-hospedeiros com tamanhos corporais
diferentes. O isopodo Livoneca redmanni foi encontrado parasitando as camaras
branquiais dos hospedeiros e apresentou valores diferentes da prevaléncia, intensidade e
abundancia média para os dois hospedeiros. S. brasiliensis (Lt média 314,2 + SD 97,1
mm) apresentou tamanho corporal superior em relagdo a C. chrysurus (124,2 + 25,1
mm), disponibilizanso relativamente maior espaco na camara branquial. Foram
registrados L. redmanni com tamanhos maiores (Lt média 16,3 + SD 5,5 mm) em S.
brasiliensis e tamanhos menores em C. chrysurus (10,8 + 4,5 mm). Isépodos fémeas
tiveram fecundidade relacionada positivamente com o seu tamanho. Durante a época
chuvosa ocorreram maiores nimeros de isopodos fémeas em reproducdo. O tamanho
corporal dos hospedeiros determina o espaco da camara branquial, porém, ndo
influenciou o espago ocupado pelo isopodo, uma vez que eles ocuparam um espago
entre 35 - 36% a camara branquial independente do tamanho corporal verificados dos

hospedeiros.

Palavras chave: Isopodo ectoparasito, Livoneca redmanni, indices ecologicos parasitarios,

fecundidade de is6podos.



INTRODUCAO

Os isopodos Cymothoides sdo parasitos
hermafroditas protandricos, sua fase
juvenil natatdria dispersa e fixa em um
peixe. Os Cymothoides habitam a
cavidade bucal, camara branquial ou o
tegumento do corpo (Thatcher, 2006).
Estes parasitos sdo hematofagos e
completam seu ciclo de vida em um
hospedeiro (ciclo holoxeno) (Ramdane
et al, 2007). Cymothoidae Flabelifera
do género Livoneca (Leach, 1818)
inclui ectoparasitos que ocorrem em
regides como Gulf of Eliat no Mar
Vermelho (Colorni et al, 1997), Kuwait
(Mathews & Samuel, 1987), América
do Norte (Brusca, 1981) e Brasil
(Thatcher, 2002; Lima et al, 2005).

Os peixes marinhos
Choloroscombrus chrysurus (Linnaeus,
1766) pertence a familia Carangidae,
distribuidos desde os Estados Unidos da
América at¢é a  Argentina, e
Scomberomorus brasiliensis (Collette,
Russo & Zavala-Camin, 1978) pertence
a familia Scombridae, distribuidos no
Atlantico Ocidental ao longo do Caribe
e das costas atlantica da América central

e do Sul (Carpenter, K.E. (ed.) 2002).

O hospedeiro ¢ o habitat para os

parasitos € as pequenas areas deste
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hospedeiro sdo consideradas micro
habitats (Sasal et al, 2004). O parasito ¢
um inimigo do hospedeiro e sua
interacdo resulta em efeito negativo no
hospedeiro (Prenter et al. 2004). O
parasito e o hospedeiro apresentam co-
evolugdo ecoldgica interespecifica. O
parasito em geral ndo causa a morte do
hospedeiro, porém tentar equilibrar a
interacdo parasitaria para prolongar a

vida do hospedeiro (Kurtz et al, 2002).

O presente trabalho investigou a
estratégia reprodutiva dos ectoparasitos
isopodos em duas espécies de peixes
marinhos C. chrysurus e S. brasiliensis,
enfatizando os indices ecoldgicos
parasitarios, o tamanho e fecundidade
dos is6épodos em hospedeiros com

tamanhos corporais diferentes.
METODOS

Entre o periodo de setembro de
2005 a agosto de 2006, exemplares
dos  peixes marinhos foram
coletados mensalmente em aguas
costeiras situadas entre latitudes
0°00° e 10°00°S, longitudes 32°00° e
40°00°W na regido Sudoeste do Oceano

Atlantico, nordeste do Brasil, América

do Sul (Fig.1).
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FIG. 1. Area de coleta dos peixes marinhos nas 4guas costeiras do Sudoeste do

Oceano Atlantico, nordeste do Brasil.

Os peixes foram capturados através
da pesca artesanal com uso de redes de
arrasto-de-praia. Os peixes capturados
foram numerados, medidos, pesados e
examinados para a separagdo dos sexos.
A taxonomia das espécies foi
confirmada (Carpenter, 2002). Os
1sépodos foram cuidadosamente
removidos do hospedeiro, registrados,
medidos e preservados em alcool a 70%

(Lima et al, 2005; Thatcher et al, 2007).

Para calcular a area das camaras
branquiais do hospedeiro foi adotado o
seguinte: para C. chrysurus, a cadmara

branquial foi considerada como uma

area de meio circulo para cada lado do
peixe (direito e esquerdo) (4 = mr?) e
para S. Dbrasiliensis, o tridngulo
retangulo para cada lado (A = bxh) ,
onde: h = altura, r = metade da altura e

b = a base da branquia.

Os indices ecoldgicos parasitarios,
tais como, prevaléncia, intensidade
média e abundancia média, foram
calculados conforme Margolis et al

(1982) e Bush et al (1997).

Nas fémeas isopodos fecundas, os
ovos do marsupio foram tirados e a
fecundidade foi calculada através da

contagem absoluta destes ovos.



Andlise de dados

Foi realizado o teste %> (Qui-quadrado,
p<0,05) para testar se houve diferengas
significativas na  propor¢do  entre
machos e fémeas parasitados. O
tamanho do parasito ¢ o tamanho do
hospedeiro foram testados com o teste t
(p>0,05). A correlagdo entre o tamanho
do isopodo e sua fecundidade foi
determinada através do teste da
correlagao de Pearson. Os testes foram
realizados com nivel de significancia
igual a 5%. As andlises estatisticas
foram realizadas com o wuso do

Programa STATISTIC 7.0.
RESULTADOS

O parasito isépodo Livoneca redmanni
foi encontrado parasitando as camaras
branquiais de ambos os hospedeiros C.

chrysurus ¢ S. brasiliensis.

Entre 1258 C. chrysurus capturados,
206 foram infectados por 221 isopodos
L. redmmani. Peixes-hospedeiros C.
chrysurus atingiram tamanho entre 78 e
212 mm (média 124,2 + SD 25,1 mm).
Foi registrado um pico de ocorréncia
dos is6podos no més de fevereiro, que
coincidiu com o iniciou as chuvas (Fig.
2a). Os indices parasitarios de C.

chrysurus foram 16,4 % de prevaléncia
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com intensidade média de 1,1 e
abundancia média de 0,2. Foi observada
maior prevaléncia no periodo das
chuvas. Nao  houve diferenga
significativa  na  propor¢ao de
hospedeiros machos e fémeas C.
chrysurus parasitados (p>0,05),
indicando que L. redmmani apresentou
uma prevaléncia sem especificidade ao

sexo deste hospedeiro (Fig. 3a).

De 826 S. brasiliensis capturados,
175 estavam infectados com 256 L.
redmanni. Peixes-hospedeiros  S.
brasiliensis parasitados mediram entre
160 e 525 mm (314,2 + 97,1 mm). Os
indices parasitarios de S. brasiliensis
calculados foram prevaléncia de 21,2%,
intensidade média de 1,5 e abundancia
média de 0,3. Também para este
hospedeiro  se  observou  maior
prevaléncia no periodo das chuvas.
Houve diferenca significativa na
propor¢ao de hospedeiros machos e
fémeas S. brasiliensis parasitados
(p<0,05), indicando que L. redmmani
apresentou especificidade ao sexo
macho do hospedeiro S. brasiliensis

(Fig. 2b e 3b).



100 -

(2]
o

Occurence of isopods and
parasitized fish

100 -

80 -

(<2
o

parasitized fish
8

20

Occurence of isopods and

80 -

H
o
1

20 -

a)
W C.chrysurus parasitized ,4
/A A
C—1Isopods in C.chrysurus / \ ! \
. . / \ 1\
— A&~ Rainfall (mm) ‘ \ /
\
— I ‘ ,
Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.
b)
W S. brasiliensis parasitized ,4 ™
C—Isopods in S. brasiliensis / “ A
/
— A= Rainfall (mm) / \ 1\

Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun.

Jul.

l
Jul. Aug.

Aug.

500

400

300

200

100

- 500

- 400

- 300

- 200

- 100

84

Rainfall (mm)

Rainfall (mm)

FIG. 2. Nimero de isopodos e peixes capturados mensalmente em relagdo ao indice

pluviométrico mensal da area de coleta. a) Choloroscombrus chrysurus e b)

Scomberomorus brasiliensis.
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Fig. 3. Indices parasitarios dos peixe-hospedeiro de macho e fémea no periodo de

estiagem e chuvoso: intensidade média e abundancia média parasitaria, e prevaléncia

parasitaria. . @) Choloroscombrus chrysurus e b) Scomberomorus brasiliensis.

Os isopodos em C. chrysurus tiveram
amplitude de tamanho corporal entre 1 e
20 mm (10,8 + 4,5 mm). A camara
branquial de C. chrysurus mediu no
maximo 1254 mm?®, na qual o parasito

ocupou aproximadamente 35,3% (442

mm?). Amplitude de tamanho de L.
redmmani em S. brasiliensis variou
entre 2 ¢ 29 mm (16,3 + 5,5 mm). A
camara branquial deste hospedeiro

mediu 6394mm’, na qual o parasito



ocupou aproximadamente 35,6% (2278

mm?).

A reproducdo de L. redmanni

ocorreu durante todo ano, no entanto,
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71,43 % das fémeas maduras com ovos
ou larvas no marsupio (Fig. 4)
ocorreram no periodo das chuvas. As

larvas (manca) mediram 1 mm em C.

chrysurus e 2 mm em S. brasiliensis.

Fig. 4. Fémeas de isopodos Livoneca redmanni em reprodugdo: a) ovos na bolsa

marsupial da fémea isopodo (escala: 5 mm); b) pontos pretos no abdomen do is6podo,

sdo os olhos das larvas dentro do marstipio da fémea (escala: 5 mm) e c) detalhe das

larvas extraidas do marsupio, aptas a natacao (escala: 2 mm).

Os ovos dos isépodos no marsupio
foram contados e sua fecundidade
variou de acordo com o tamanho do
isopodo fémea. A fecundidade de L.
redmmani mostrou uma correlagdo
positiva com o tamanho do seu corpo (r*

= 0,84) resultando em uma fecundidade

do L. redmmani menor no hospedeiro C.
chrysurus que em S. brasiliensis. As
fémeas de L. redmanni foram
observadas a partir de 11 mm de
tamanho em C. chrysurus e em S.
brasiliensis foram identificadas as

fémeas a partir de 19 mm (Fig. 5).
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Scomberomorus brasiliensis
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Fig. 5. Fecundidade e tamanho do isopodo parasito Livoneca redmanni.

As garras dos parasitos isopodos sdo
adaptacdes para fixacdo em tecidos do
hospedeiro e L. redmanni foi
encontrado fixado na musculatura
mandibular do hospedeiro (Fig. 6a),
ocasionando macroscopicamente uma
area isquémica, e histologicamente se

verifica infiltrados inflamatérios. O

maior tamanho da fémea prejudica o

desenvolvimento normal dos filamentos
branquias do hospedeiro, uma vez que
foram observados filamentos branquiais
atrofiados e escassos nos quatro arcos
branquiais. Os machos atrofiam os
filamentos branquias do segundo ao

quarto arco branquial, devido a seu

tamanho (Fig. 6b).

Fig. 6. Casal de is6podos Livoneca redmanni na camara branquial do hospedeiro. a)
area isquémica por fixagdo das garras do isopodo no tecido muscular da mandibula; b)
branquia com filamentos atrofiados e escassos na area de fixa¢do do isopodo de maior

tamanho — a fémea (escala 10 mm).



DISCUSSAO

O is6podo L. redmanni mostrou uma
tendéncia evolutiva para os dois
hospedeiros-peixes marinhos. L.
redmanni foi encontrado no micro
habitat camara branquial dos dois
hospedeiros, ocupando no maximo 1/3
das camaras branquiais. Os indices
ecologicos parasitarios de L. redmanni
foram diferentes para as duas espécies,
onde o hospedeiro de tamanho maior
teve indices parasitdrios superior ao
hospedeiro de tamanho menor. Os
hospedeiros machos tiveram indices
parasitarios superiores aos das fémeas,
tanto no periodo de estiagem como no
periodo das chuvas para ambos os
sexos. Madi & Silva (2005)
pesquisando o parasito Anisakidae
observou indices parasitarios diferentes
para trés espécies de peixes em um

mesmo reservatorio.

A espécie hospedeira C. chrysurus
tem menor tamanho em relagdo ao
hospedeiro S. brasiliensis. O isopodo L.
redmanni desenvolveu distintamente
nas duas espécies de hospedeiros, sendo
maior em relacdo ao tamanho no
hospedeiro S. brasiliensis. O tamanho
corporal dos hospedeiros determinou o
espago das camaras branquiais, porém
ndo influenciou no espago ocupado pelo

isopodo, uma vez que eles ocuparam
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entre 35 - 36% da camara branquial
independente do tamanho corporal do
hospedeiro. Verificou-se uma tendéncia
evolutiva da espécie L. redmmani, que
ocupou valor menor que 36% da camara
branquial, possivelmente para preservar
o equilibrio parasito-hospedeiro. Tsai et
al (2001) descrevem que o isopodo ¢
capaz de adaptar sua estrutura corporea
de acordo com a area de exploracao no

hospedeiro.

A ¢época da reproducio de L.
redmanni ocorreu entre fevereiro a
agosto, época de chuvas, coincidindo
com a ¢época da reproducao dos peixes
marinhos da regido. A fecundidade da
espécie L. redmmani teve relagao
positiva com o tamanho do isopodo,
onde o niimero de ovos aumentou com
o tamanho do isopodo. Desta forma, a
fecundidade, o tamanho dos isopodos
adultos e das mancas (larvas) de L.
redmanni no hospedeiro C. chrysurus
foi menor. Para a espécie de isopodo
Elthusa alvaradoensis, Chavez-Lopez et
al, (2005) relataram que os valores da
fecundidade nao teve relagdo com o

tamanho das fémeas.

Observou que a presenca de L.
redmanni fémeas na cdmara branquial
atrofiou os filamentos branquiais dos
quatro arcos branquiais, e L. redmanni
filamentos

machos atrofiou 0S



branquiais do segundo ao quarto arco
branquial. As garras causaram lesdes
mecanicas que deixam a area isquémica
e histologicamente com infiltrados
inflamatorios na musculatura
mandibular do hospedeiro. Thatcher et
al (2003) e Carvallho et al (2004)
observaram que o is6podo causa
destruicdo extensa dos filamentos

branquiais ¢ que reduz a capacidade

metabolica do hospedeiro.
CONCLUSOES

O isopodo L. redmanni parasitou o
mesmo micro habitat camara branquial
nos dois hospedeiros, mas mostrou uma
tendéncia evolutiva diferente para
ambos hospedeiros, onde a espécie
hospedeira C. chrysurus teve menor
tamanho corporal que o hospedeiro S.

brasiliensis.

Isopodo L. redmanni apresentou
indices parasitarios maior para S.
brasiliensis e teve tamanho maior em S.

brasiliensis que em C. chrysurus.

A ocorréncia de isépodos fémeas em
C. chrysurus foi com 11 mm e na
espécie S. brasiliensis foi com 19 mm.
Estes isopodos fémeas reproduziram
durante todo ano, porém, registramos

uma época reprodutiva que teve o maior
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nimero de isopodos fémeas em

reproducao na época chuvosa.

Isopodos fémeas L. redmanni
tiveram sua fecundidade relacionadas
positivamente com o seu tamanho
corporal, tendo uma fecundidade menor

em C. chrysurus que em S. brasiliensis.

O tamanho corporal do hospedeiro
determina o espago da camara
branquial, porém, nao influenciou o
espaco ocupado pelo isopodos, uma vez
que L. redmanni ocupou no maximo um
espago da camara branquial entre 35-
36%, independente do tamanho corporal

dos hospedeiros.
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Cymothoa spinipalpa sp. nov. (Isopoda, Cymothoidae) a buccal cavity parasite
of the marine fish, Oligoplites saurus (Bloch & Schneider) (Osteichthyes,
Carangidae) of Rio Grande do Norte State, Brazil '

Vernon E. Thatcher % Gustavo S. de Aradjo * José T. A. X. de Lima * & Sathyabama Chellappa *

" Contaibwtion rumber 1694 of the Departomento de Joologia, Universidade Federal do Parand,
¥ Deportamerto de Zoologia, Universidede Federol do Parand, Caixa Postal 19020, 81537-990 Curitiba, Parand, Brasil
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' Programa de Pés-Graduagde em Bioecologio Aqudlica, Departarmento de Geeanografia e limnalogia, Universidade Federal
do Rio Gronde do Norte. Praig de Mie Lwiza, Wi Costeira, $90714-100 Natal, Rio Grande do Morte, Bresil,

* Departamento de Fsiologia, Programa de Pds-Groduagdo em Psicobiologia, Universidade Federal do Blo Grande do Norte.
Compus Universitdrio, 59078-970 Natal, Rio Grande do Morte, Brasi!

ABSTRACT. Cymothoa spinipaipa 5p, now. [lsapeda, Cymathoidae) a buccal cavity parasite of dhe marfne fish, Offgopiites
sowvus, 15 described on the basis of eight male specimens and one female. The fish hosts were capaured in the coastal
waters of Matal, Rio Gramde do Morte State, Brazil. In the new species, the anterior margin of the cephalon is
doubled ventrally over the bases of the antennae. In this respect, it resembles C reclfer Thatcher 8 Fonseca, 2008,
It differs from ghat species, however, in being much smaller and having basal carinae on the pereopods 4 to 7 that
are small and rounded (not Large and pointed). Also, pleopods 2-4 lack the folds and pockets thar are present in C
reifea. The new species can be distinguished from all known Cymothes spp. by the mandibular palps which are
entirely covered with small spines in adult males. The mancas of the new species resernble those of Cymethos gestrum
since they have elongate antennae bur they are wider and have shorter uropods.

KEY WORDS. Atlantic Ocean; Bsopod parasiig marine fish parasite,

RESUMO. Cymothoa spinipalpa sp. nov. (lsopoda, Cymotholdae) um parasite da cavidade bucal do pelxe mari-
nhe, Ofigeplites saurus (Bloch & Schneider) (Osteichthyes, Carangidae) do Estade do Rio Grande do Morte,
Brasll, Cymotboa spinipaipa sp. mow. (lsopoda, Cymotholdae), um parasito da cavidade bucal do peixe marinha,
Qligopdings saurns, & descrita baseada em oito espécimes machos ¢ uma fémea Os peixes foram caprurados nas agas
costelras de Matal, Rio Grande do Morte, Brasil, Ma nova espécie, 2 margem anterior do cefalon & dobrada
ventralmente sobre as bases das anrenas. Meste aspecto, ¢la asemelha-se a O redlfea Thatcher & Fonseca, 2005,
Distingue-se dessa espécie, no entante, pelo menor tamanhe ¢ pelas carinas dos peredpodos 4 a 7 que sio
relativamente pequenas e arredendadas (ndo grandes ¢ ponte agudask Alias, os pledpodos 2-4 carecem s dobiras
¢ bolsos que sio presentes em C reclfer. Cymothoa spinipalpe sp. mow, distingue-se de todas a5 demals espécies de
Cymothoa por ter palpos mandibulares completamente cobertos por espinhos nos macheos adultos, As mancas tém
antenas compridas € por s parecem com as de Cmothes oerem mas distinguen-s¢ por serem mais largas e de
terem uropodos mals curios,

PALAVEAS-CHAVE. Oheano Atlintico; isopodo parasito; parasite de pelxe marinho.

Teiees (19910 listed 32 species of Cymothos Fabricius,
1793, from marine fishes world-wide with 5 of these said o
aceur in Brazilian waters. Twarches ef of. (2003) described a
new species from Santa Catarina State and compared it 1o 6
ather species that have been atributed 1o Brazil, Tosromes &
Fosseca (2005) described an additional specles from marine
fishes of Pernambuco State bringing the total of specics to 8.
Ie present paper describes the ninth Brazilian species of
Crmpthioe from the waters of Rio Grande do Norte State,

MATERIAL AND METHODS

Fish hosts, Ofigoplites seurns (Bloch & Schneider, 1301)
(rteichthyes: Carangidae) were netted from the coastal wa-
ters at Ponta Megra, Natal, Rio Grande do Norte State, Brazil.
They were taken on lce to the Ichthyology Laboratory of the
Federal University of Rio Grande do Norte. The Isopod para-
aites were removed from the mowths of the fish and fixed in
M aleohol. These specimens were sent to the Zoology De-

Revista Brasileira de Zoologia 24 (1) 238-245, marco 2007



Cymathaa spinipaips sp. now. a buccal cavity parasite of the marine fish, ligoplires saurus...

94

a7

Figures 1-3. Cprmothos spiripaloe sp. now., male: (1} dorsal (2) ventral [3) lateral, Scale bar = % mm,

partment of the Federal Unbversity of Pagand, Curitiba, Bra-
#il, for study. There, dissections of the mouthparts, pereo-
pils, ||]t:rr|:-|1|:[\. and |.|.rn|1u|.|s were made and hese prrts were
cleared in puare phenol for study. Photogeaphs were made

with a digital camera at five megaplixels and some of these
wore used in making the drawlngs. Measurements are in

micrometers (pm) except where designated as millimeters
{mm).

Revista Brasileira de Zoologia 24 (1) 238-245, marco 2007
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Figures 4-22. Cymothoe speipalpa sp. mov., mabe: (4) tip of maxillule {5) maxlliped (5) mandible and palp (7) uropad (B) maxilla (9)
antennube (10} antenna; (11-17) pereopods 1-7; (18-22) pheopods 1-5. Scale bars: (4) = 50 pm; (5, 9 and 10) = 500 pm; (6 and 8) « 200
pir (7, 11185 = 1000 garr; {18-223) 2000 pnn.

Cymothoa spinipalpa sp. nov,
Figs 1-48

Species deseription (based on eight males and ome female).
Male (Figs 1-3: measurements in table [ body elongate, widest
at level of pereonite 5, Cephalon immessed in pereonite 1; frons
doubled downward over bases of antennae; eves covered ex-

Revista Brasileira de Zoologia 24 (I 238-245, marge 2007

cept in very voung specimens, Antennule (Fig. 10) stout, of
eight articles; antenna (Fig. 9) slender, of nine articles. Mouth-
parts (Figs 4-6 and 83 mandible with rounded incisor and molar
process; mandibular palp about as long as mandible, of three
articles with terminal one much shorter; all theee articles of
palp covered with small spines (Fig. 6 maxilluwle (Fig. 4) with
four recurved splnes distally; maxilla (Fig. 8) bilobed, with one
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Figures 23-25. Cymaothod spinipalpa sp. nov., Temale: (23] dorsal (24) ventral {25) lateral; Scale bar = 5 mm,

W three recurved spines and spanules on each obse;, maxilliped
(Fig. 5 stender with two o five recurved spines distally, Pereon
(Fig. 1): percomite 1 longest; 2-4 subequal im bength: 5.7 shogten
progressively with seven being very short. Antero-lateral mae-

gins of pereonite U rounced, Percopods (Figs 11-17): 1-3 small,
slendder, without carinae; 4.7 larger and with low carinae. Meon
immersed in pereonite 7. Mleopods (Figs 1R-223 all bilaminate;
1=3 simple, withiout folds or pockets; 2 with slender appendix

Revista Brasilefra de Zoologia 24 (1) 238-245, marco 2007
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Table |. Measurements in millimeters of eight males of Cpmothog
iptipalpa Sp. now.
Ml

Lengih Width
18 &
13
12
11
1
10
10
I
Mean = 11.5 £ 3.16

00 T RA b W Pl e
w B oA oA S oW

Mean = 5.1 £ 1,46

masculinme: 4 with small pocker: 5 with several folds and pock-
s, Urapod (Fig. 7) with slender subequal rami,

Pleatelson rounded posteriorly, about twice as wide as
lang,

Fernale (Figs 23-45; based on a single specimen having well
formed mancas in its marsuplum): body clongate, 16 mm long
ek W o wide at the level of perconite 5. Cephalon immensed
in pereonite 1; frons doulbled down over bases of antennae; eyes
covered and invisible, Antennule (Fig. 39 stout, of seven ar-
ticles, with spinules o articles 4-7; antenna (Fig, 4 slender, of
cight articles; with few spinules on 7-8. Mouthparts {Figs 26-29):
mandible with rounded incisor and maolar process; palp about
as long as mandible, of three articles with distal one very shor;
few apines present on terminal article (Fig. 29 maxilla bilobed
(Fig. 28) with two to three recwrved spines on each lobe; maxillule
(Fig. 26) with four recurved spines distally, ome of which is slightly
smaller than the rest; maxilliped (Fig, 27) with three segmented
palp, termimal segment with five spines, flattened paet bordened
by setae. Pereon (Fig. 23) as in male; peroopods (Figs 31-37) slmilar
to those of male but carinae on 4-7 moge propounced. Pleon
immersed in pereonite 7; pleopods (Figs 41-45) similar to those
of male, showing pockets only on 4-5 and lacking appendix
masculinum on 2. Uropod (Fig. 38) with slender, subequal rami.
Pleotelson about twice as wide as long.

Mamca = PPullus 11 (Figs 46-4%): body elongate 2.37.2.51
mm long and 0.92-0.94 mm wide at the level of pereonite 4;
plean (L34 mm wide, Six subequal pereonites present; dactyls
1-3 wsothed, 4-6 without teeth. Cephalon wider than long, not
immmersed; eves large, black. Mandibular palp (Fig. 47) of three
articles, provided with setae and spinules. Antennule of cight
articles, reaches to level of perconite 2 antenna of 12 aricles,
reiches to level of pereonite 5, Uropods elongate, (Fig, 48) bases
extend beyvond pleatelson posteriorly, rami sulyequal in length.

hites buccal cavity, over tongue.

Hosa: ENigoplites sauraes (Cuvier, 1832); Carangidae,

Locality: Ponte Negra, Atlantic Ooean, near MNatal, Rio
Grande de Norte State, Brazil,

Revista Brasilelra de Zoologla 24 (1): 238-245, marce 2007

Type material: Holotype male, 5 paratype males and 1
paratype female deposited in the Crustacean Collection of the
Instituto Macional de Pesquisas da Amazdnia, Manaus,
Amazonas, Brazil.

Evvmology: the species name derives from the Gwer that
in males the mandibular palp ks unusually spimous.

DISCUSSION

Cymtothod spinipalpe sp. nov. superficially sesembles .
recifeat Thatcher & Fonseca, 2005 but differs from the latter in a
numbber af important features, The new species is much smaller
{7-18 mm long) not 11-32, with a mean of 20, as in . recifea.
The pleapods of the new species have pockets and folds only
o 4.5, whereas pleopods 2-5 have such structures in the other
speecies, The basal carinae on the pereopods of the new specics
are low and rounded and smaller than those of ©, secifee, In
the mew species, the mandibualar palps of adult males are cov-
ered with small spines, This is a characteristic that has not been
reported for other species of Cyrrating.

The morphology of mancas has been stadled for only a
few species of Cymothoidae, The present series of specimens
demonstrates some aspects of cymothodd growth. In addition
to getting larger, profound morphological changes ooour in
several structuses. In the manca, both the antennule and an.
tenna are elongate; the former having cight articles and the
lavter 12 (Fig. 46). Tn adults, both the length and number of
articles are reduced. In the adule female, the antennule has
seven articles and the antennule cight (Figs 49 and 400, Mancas
have only six pairs of pereopods of which dactyls 1-3 are ser-
rate amd 4-6 lack hasal carimae. Adulis, on the other hand, have
seven pairs of pereopods, the dactyls are not sercate and basal
carinac are found on 4-7. In mancas, the wropods extend pos-
teriorly well beyond the pleatelson (Fig, 48) but in adults they
o mot reach the posterior margin of that steecture (Figs 1-3).
The pleopods and wropaods are abundantly provided with setae
im s ard these setae ane bost in the adules, The mandibo-
lar palp of the manca (Fig. 47) consists of three subequal ar-
ticles the terminal ane of which is provided with 4-5 elongate
setae. The middle article also has a single elongate seta and all
three articles have afew spinules. Thie mandibular palp in young
males (Fig, 30) continues to have three subequal articles, ex-
tends well bevond the mandible and shows an increase in
spination, In older males, the mandibular palp (Fig. &) has be-
come short, the terminal article is shorter than the other two
and all three have become covered with spinules, In the aduli
female, the palp is similar to that of the male (Fig. 29) but the
terrminal artiche has become even smaller in relation to the other
twir and few spinules are present.

Not all species of Cyrmoifoe have mancas with long anten-
nae and uropods. Bronasosos (1905) presented drawings of the
mancas of O, excisa Perty, 1830, and C, oestruer (Llinnaews, 1758).
The fiest of these is shown to have shoet antennae and the sece
ord long antennae. Tiarcues of af. (200%) offercd photographs
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Figures 26-45 Cymothoa spinipaioa sp. now, female: (26) tip of maxillsle (27) maxilliped {28) tip of maxilla {29 mandible and palp (30)
mandible and palp frem young male; (31-34) pereopeds 1-4; (35-37) perecpods 5-7; (38) uropod; (3%) antennube; {(40) antenna; (41-
43) pleopods 1-5, Scale bars: (26) 25 pm; (27, 29 and 38-40) 500 pm; (28 and 30) 200 Hm; (31=37) 1000 pm; (41-45) 2000 pm.

Revista Brasileira de Zoologia 24 [k 238-245, margo 2007
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W E Thatcher & al.
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[

Figures #6-48, Cymothod spiripala sp. nov,, manca stage: (46) entire, dorsal (473 mandibular palp; (48) pleotelson and uropods. Scale

baars: (46) = S0 gamy; (A7) = 100 garm; (48) = 200 pm.

of the mancas of two specles, mamely: C. catarinensis Thatcher,
].:::,11[.;, Jost & Soaza-Conoeipho, 2003, and O adslrni. T fiest
of these alse has short antennae. Sartor & Pires (1988) described
and figured the manca stage of their species called, Cymmthog
licernure arwd it also has long antennae. The mancas of Cyeeetion
spinipelpa sp. now., therefore, resemble those of C, oestreen and
£, Narivicte, Reliable characters 1o sepirale the mancas of these
three specles have not been defimed but there are probably dif-
feremces in the form of the pleatelson and uropods,
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Studies on marine fish parasites could still be considered scarce in relation to the vast fish diversity in
Brazil. The present work registers the occurrence of an isopod parasite on the leather jack, Oligoplites
palometa (Cuvier) (Osteichthyes: Carangidae) in the coastal waters of Rio Grande do Norte State,
Brazil. During the period of May, 2006 to July, 2007, 78 fish samples were captured from the coastal
waters of Natal, RN. The crustacean isopod parasite, Cymothoa spinipalpa (Isopoda: Cymothidae) was
encountered on the tongue in the oral cavity of the hosts. The parasitic indices of C. spinipalpa on O.
palometa were: 64.1 % of prevalence, mean intensity of 2.02 parasites per host and abundance of 1.29
parasites per fish sampled. O. palometa presented negative alometric growth. Significant correlations
were observed between body mass and length of hosts and the number of parasites, besides a positive
correlation between body length of hosts and body lengths of female parasites. A higher proportion of
female hosts were parasitized than males. The hosts presented a high parasitic prevalence for C.
spinipalpa, with a higher frequency of occurrence in females and the parasites were always found on
the tongue in the oral cavity of the hosts. Macroscopic analyses of gonads showed four stages of

gonadal development for both sex of O. palometa: immature, maturing, mature and spent.

Key Words: Ectoparasitic isopod, Cymothoa spinipalpa, Oligoplites palometa.
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INTRODUCTION

The marine pelagic fish Maracaibo leatherjack (Oligoplites palometa) belongs to the
family Carangidae, occurs in schools near the coast and is captured by the beach-seines. It is
an important component of the Brazilian northeast artisanal fishery and has high commercial
value, and is an important source of protein. This species is found in tropical and temperate
seas, and despite its wide geographical distribution (Duque-Nivia ef al., 1995), there are few
studies related to parasitism or reproductive aspects of O. palometa.

Among the marine fish parasites, approximately 25% are crustaceans, represented by
copepods, branchyurus and isopods (Eiras et al., 2000). The order isopoda consists around ten
thousand species divided into ten suborders. Phylogenetic analysis and fossil records suggest
that this group dates from the Carboniferous Period in the Paleozoic Era, approximately three
hundred million years ago (Brusca & Wilson, 1991). The suborder Flabellifera includes the
family Cymothoidae, whose individuals inhabit the branchial chamber and bucal cavity of the
fish, as such they easy to detect with the naked eye. Isopods belonging to the family
Cymothoidae are one of the most diversified lineages of the order Isopoda, and currently
include 42 genera and more than 325 described species (Keitmaier et al., 2007). The
Cymothoidae parasitize numerous families and species of fish, many of which are
commercially important, particularly in tropical and subtropical regions (Horton & Keymer,
2003). The effect of these ectoparasitic infestations varies according to the state of
equilibrium and host-parasite interaction (Leonardos & Trilles, 2003). There are four areas of
attachment of the parasite on the host fish: the tegument or fins, the branchial cavity, the bucal
cavity or tongue, and the cavities or pouches that they produce inside the body cavity (Eiras et
al., 2000). The presence of isopods alter these sites (Rhode, 2005), for example, atrophy of
the branchial filaments, removal of the branchial arches and destruction of the tongue
(Chavez-Lopez et al., 2005).

Reproduction is an important aspect in the biology of species and its success depends on
recruitment and consequently, on maintaining viable populations, indispensable to preserving
environmental equilibrium. Failure in reproduction of host fish for consecutive years may
lead to the depletion of natural stocks or even to their extinction (Esper et al., 2000). The
success achieved by fish depends on their reproductive strategies and tactics (Aratjo &
Chellappa, 2002).

The reproductive biology of marine fish from the Southwest Atlantic coastal waters have

not been well documented (Duque-Nivia et al., 1995, Lima et al., 2005; Souza et al., 2007),
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and are mainly related to commercially valuable species. However, this issue has yet to be
investigated in the crustacean fish hosts, such as the Maracaibo leatherjacket (O. palometa),
even though it is an important fish for the coastal fishermen of Brazil.

The present study records the ecological indices of parasites and the effect of parasitism on
the body mass, length and host condition factor of O. palometa, in addition to the type of
growth and reproductive aspects, such as, sex ratio, gonadosomatic index and gonadal

development.

MATERIAL AND METHODS
Study area and sample collection

The study was conducted in the coastal waters of Ponta Negra Beach (05°52°30"" S and
35°08°00° W) and of Redinha Beach (05°45°00°” S and 35°10°35”” W), located in the urban
zone of Natal, Brazil. Monthly fish collections were carried between May 2006 and July
2007. A beach seine net (110 m long and 3 m high) with a fine inner mesh of 10mm and a
coarse mesh of 70mm at the extremities was used. The fishermen, using a small raft, cast the
net 100m from the beach in a water depth of 5 m. The net was hauled by ropes attached to the
extremities. The entire fishing procedure, from the beginning until the removal of the net
lasted about 1 hour. Three consecutive fishing trails were performed monthly involving
between 6 and 12 fishermen on each occasion.

Confirm the identification of O. palometa was based on biometric, morphometric and
meristic measures (Aradjo et al., 2004). The isopod crustaceans were removed, measured
(mm) and fixed in 70% alcohol. The vials containing the parasites were identified with the
number of the host, sex of the parasite, attachment area, collection site and date (Chavez-
Lopez et al., 2005) and the data were recorded on necropsy charts. Identification of the
isopods was carried out with the assistance of Professor Vernon E. Thatcher of the

Department of Zoology, Federal University of Parana, Brazil.

Rainfall

The rainfall data of the study area was obtained from the Department of Meteorology and
Hydric Resources of EMPARN (Agriculture Research Enterprise of Rio Grande do Norte,
Natal, Brazil), in order to characterize the rainfall regime and to separate the dry and rainy

s€asons.
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Ecological indices of parasites

The parasitic indices calculated were: prevalence (number of parasitized fish/number of
fish examined x 100), mean intensity (total number of parasites/total number of parasites/total
number of parasitized fish) and mean parasitic abundance (prevalence x mean intensity).

These indices were calculated according to Bush et al., (1997).

Type of growth

The weight / length relation was established by the equation, Wt = ¢Ls0; where Wt is total
weight, Ls is standard length, ¢ is the condition factor coefficient and 6 is the angular
coefficient or growth coefficient, which allows us to determine the type of growth of each

species (Santos, 1978).

Condition factor (K)
The condition factor was calculated according to Nash ez al., (2006), K = (W/L’) x 100,
where K = Fulton’s condition factor, W = total weight (g) and L = total length (cm).

Sex ratio
The fish were dissected and the gonads removed, weighed and examined to identify the
sex. The proportion between the males and females was determined by analyzing their

monthly relative distribution frequency during the study period (Vazzoler, 1996).

Macroscopic aspects of gonad development

Macroscopic examination was performed to classify gonad development (Vazzoler, 1996).

Gonadosomatic Index (GSI)

The gonads were removed and weighed (g). GSI was determined using the percentage
relation between gonad weight (Wg) and fish body weight (Wt) minus gonad weight (Wg),
given by the relation: GSI = [Wg/(Wt-Wg] x 100, according to Wooton et al. (1978).

Statistical analyses
Pearson’s correlation tests were performed to determine the correlation between the
variables weight and length of host fish and number of parasites. The #-test was applied to

compare the mean condition factor of the parasitized and non-parasitized fish. The  (chi-
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square) test was used to verify the differences and their significance (5%) in the proportion
between parasitized male and female host fish. The statistical analyses were conducted using

Statistica 7.0 software.

RESULTS AND DISCUSSION

Rainfall

During the entire study period mean annual rainfall was 120 mm, the rainy season was
from March to August and the dry season between September to February (Fig. 1). During the
rainy period the mean rainfall was 171.3 mm, and in the dry period it was 59.02 mm. The

rainfall pattern recorded during the study period was normal for a semi-arid climate.
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Figure 1. Occurrence of parasitized fish in relation to monthly variation in rainfall.

Parasitism by isopod and ecological indices of parasites

Figure 1 shows the monthly variation of fish captured and parasitized (grouped sex). Of the
78 specimens of O. palometa captured, 49 (63%) were males and 29 (37%) females, of these
31 males and 19 females were parasitized. The number of fish captured, parasitized and the

number of isopods found in relation to the males and females on the host.
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The occurrence of a single species of isopod ectoparasite was observed in O. palometa.
This was identified as Cymothoa spinipalpa (Thatcher, Aratjo, Lima & Chellappa, 2007)
(Fig. 2). Despite the great similarity of the new species with C. recifea (Thatcher & Fonseca,
2005), C. spinipalpa distinguishes itself from C. recifea by its small round carina (between 4
and 7). It also distinguishes from all the other species of the family Cymothoa by the
presence of mandibular palpi, completely covered with thorn-like projections in the adult
males (Thatcher et al., 2007). This is the first record of occurrence of C. spinipalpa in O.

palometa.

Figure 2. Isopod C. spinipalpa a) Dorsal and ventral view of female; b) Dorsal and ventral view

of male (scale 5 mm).

The parasitic indices of O. palometa showed a prevalence of 64.1%, mean intensity of
2.02 parasites per fish and mean abundance of 1.29. In the dry period these indices showed a
prevalence rate of 72.6%, mean intensity of 1.01 parasites per fish and mean abundance of
1.39, whereas in the rainy period these indices showed a prevalence rate of 50%, mean
intensity of 2.25 parasites per fish and mean abundance of 1.13. Table I shows the values of

the parasitic indices during dry and rainy periods of C. spinipalpa in O. palometa.
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Table I. Parasitic indices of C. spinipalpa on host fish O. palometa during the dry and wet

seasons.
Season Mean intensity Mean abundance Percentage of prevalance

Dry 1.9 1.4 72

Wet 23 1.2 50

The dry season had higher parasitic and abundance indices, whereas mean intensity
remained practically constant between the two seasons. The same result was found by
Azevedo et al. (2002), studying parasitism by the isopod Riggia paranaensis in the host
Cyphocharax gilbert. The author suggests that the increased prevalence of the parasite
observed during the dry season may reflect the large occurrence of infestation by larvae born
in the rainy season.

In other studies conducted with isopods from the family Cymothoidae, the prevalence rate
was 20% for Cymothoa catarinensis in the host Menticirrhus litoralis and 13% for Cymothoa
excise in the host Micropogonias furnieri (Thatcher et al., 2003a). Parasitism by Lironeca
redmanni in Cetengraulis edentulous showed a prevalence rate of 17.06% (Thatcher et al.,
2003b) and parasitism by Lironeca sp in Atherinomorus lacunosus was 3.6% (Coloni ef al.,
1997). In the Serra Spanish mackeral, Scomberomorus brasiliensis, the prevalence rate was
31% for Lironeca redmanni (Lima et al., 2005).

Considering the results of Cordoni et al. (1997), Thatcher et al. (2003a), Thatcher et al.
(2003b) and Lima et al. (2005), O. palometa showed a high parasitic prevalence rate by C.
spinipalpa.

Attachment site and parasitic specificity

C. spinipalpa showed parasitic specificity for the attachment area only on the tongue and
in the oral cavity of the host. C. spinipalpa was the only species found in O. palometa; as
such, there was no coexistence of other parasite species.

The isopods of the genus Cymothoa are commonly found in the oral cavity of their hosts;
however, some studies report that Cymothoid males and females differ as to location on their
hosts (Sartor, 1986; Bunkley-Williams et al., 2006). For example, females of the isopod
Cymothoa attach themselves in the oral cavity of the host Orthopristis ruber, whereas the
male isopods fasten themselves in the branchial cavity (Bunkley-Williams et al., 2006). In the

present study, both sexes of the parasite C. spinipalpa were found in the bucal cavity of the
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host, corroborating the results of Leonardos & Trilles (2003), who found males and females

of the isopod Mothocya epimerica in the oral cavity of the host Atherina boyeri.

Length and weight of the fish

The total weight of male O. palometa ranged from 51.6 g to 942.0 g (mean 154.3 + SD
153.3), whereas the total weight of the females varied from 45.3 g to 243 g (mean 116.07 +
SD 47.33). The total length of O. palometa ranged from 198 mm to 575 mm (mean 26.1 + SD
6.68), whereas the total length of the females varied from 200 mm to 320 mm (mean 24.5 +
SD 2.85). The males weighed more and were longer than the females, possibly because more
males were collected, which allowed for the register of males in various weight and length

classes.

Relation between host weight and length and the number of parasites

There was a significant correlation between host weight and the number of parasites (p <
0.05) and between host length and the number of parasites (p < 0.05).

There was a slightly positive correlation between host weight and the number of parasites
(r = 0.25) and between host length and the number of parasites in O. palometa (r = 0.22). This
result indicated that the parasites had a preference for hosts with higher body weight and body
length. Paraguassu et al. (2002) studied the ecology of metazoan parasites of Pagrus pagrus
and found a positive correlation between parasitic prevalence by Cymothoa sp. and the total
body length of Pagrus pagrus.

The occurrence of a greater number of isopods in large fish may be due to the their larger

body surface area.

Relation between host and parasite length

There was a positive correlation between the total length of the hosts and the length of the
female isopod parasites (r = 0.64). According to Alvarez & Flores (1997), there is a positive
correlation between the length of females of the isopod Cymothoa exgua and the total body
length of the host Lutjanus peru. Females of the family Cymothoidae grow until they fill the
entire space available in the oral cavity of the host, since the greater their growth the greater
will be their fecundity (Kittlein, 1991). The growth of female isopods was, therefore, limited
by the space available in the oral cavity of O. palometa.

There was no significant correlation between the length of male C. spinipalpa and the total

length of O. palometa. Similar results were found by Chéavez-Lopez et al (2005) in parasitism
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by the isopod Elthusa alvaradoensis in the host Synodus foetens. This indicates that, in
contrast to female parasites, which need a large space for growth and gonad development, the

males C. spinipalpa are smaller and do not require much space.

Condition factor (K)

The condition factor in O. palometa varied from 4.96 to 11.04 (7.57 £ 1.17) in parasitized
individuals and from 5.26 to 9.10 (6.66 + 1.05) in non-parasitized individuals. There was a
significant difference between the condition factor of parasitized and non-parasitized fish (t-
test = 2.99; p < 0.05). The condition factor has been used by several authors to quantify the
effect of parasitism on the host. Horton & Okamura (2001) used the condition factor to assess
the effect of parasitism by the isopod Ceratothoa oestroides on the host Dicentrarchus labrax.
Some studies indicate that the condition factor is a very accurate tool for measuring the effect
of parasitism by Cymothoidae isopods on many hosts, as in the case of parasitism by
Livoneca redmanii in the host Scomberomorus regalis (Williams & Bunkley-Williams, 2000).
In the present study, the condition factor was not an accurate tool for measuring the effect of

parasitism by C. spinipalpa in O. palometa.

Type of growth

O. palometa males and females exhibited negative allometric growth (6 = 0.996 and 0.913,
respectively). According to Benedito-Cecilio & Agostino (1997), if 0 is equal to 3, growth is
isometric; if 0 is greater than 3, it is positive allometric; and if it is less than 3, growth is
negative allometric. This means that, if growth is isometric, the increase in weight follows the
growth in length, but if it is positive allometric, there is a greater increase in weight than in
length. In this study, O. palometa displayed negative allometric growth, meaning that there

was a lower increase in weight than in length.

Sexual ratio

Since there were more males than females there was a significant difference in the sex ratio
of the fish (P < 0.05). There was no significant difference in the proportion of parasitized
males and females (P < 0.05), which suggests that C. spinipalpa had no specificity in relation
to host sex.

During the life cycle of the fish, sexual proportion may vary as a function of various
factors that act differently on each sex (Souza et al., 2007). The females of O. palometa

spawn far from coastal waters throughout the year (Duque-Nivia et al., (1995), which might
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explain the greater occurrence (nearly twice as many) of males captured in the coastal

collection area.

Macroscopic aspects of gonad development in O. palometa
In both sexes of O. palometa macroscopic analysis enabled us to identify the four distinct

gonad maturation stages: immature, maturing, mature and spent (Figure 3, Table II).

Figure 3. Macroscopic aspects of gonads in various developmental stages of males and
females of O. palometa: (a) Immature, (b) developing, (c) mature (d) spent and resting

gonads (Scale bar =30mm).
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Table I1. Macroscopic classification and description of the ovarian and testicular maturity
stages of O. palometa.

Stage Macroscopic description Macroscopic description

of ovaries of testicules

Immature Ovaries small thread-like and Testes small, extremely thin and
translucent, no oocytes were translucent.
observed

Maturing Ovaries occupied 1/3 of the Testicles occupied 1/3 of the
coelomic cavity, oocytes were coelomic cavity.
visible.

Mature Ovaries were well vascularized Testicles were large, whitish in colour
and occupied 2/3 of the coelomic  with blood vessels appearing in the
cavity with visible oocytes. periphery and occupied 2/3 of the

coelomic cavity.

Spent Ovaries were flacid with signs of  Testicles were smaller occupied 1/3
hemorrhage. of the coelomic cavity with signs of

hemorrhage.

Gonadosomatic index (GSI) x Condition factor (K)
The GSI values varied from 0.07 to 1.64 in the females (0.42 = 0.51) and from 0.07 to

0.15 in the males (0.12 + 0.03). In the dry season the males had mean GSI of 0.13 (+ 0.03),
whereas in the rainy season it was 0.11 (+ 0.03). There was no significant difference (P >
0.05) between the GSI of the males in the dry and rainy seasons. The same results were found
for the females.

The condition factor of male O. palometa ranged from 4.96 to 10.05, with a mean value
of 7.2 (£ 1.37). Both male and female O. palometa showed a low correlation between the
condition factor (K) and the gonadosomatic index (GSI), with r = 0.03 and 0.06, respectively.

According to Duque-Nivia et al (1995), O. palometa showed no correlation between the
condition factor and GSI, possibly due to the variation in condition factor that is more

influenced in this species by food than by reproductive cycle.
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Os estudos realizados para investigar a dindmica reprodutiva e parasitaria
de quatro espécies de peixes marinhos serra, S. brasiliensis, tibiros, O. saurus e
O. palometa e palombeta, C. chrysurus das 4guas costeiras do Sudoeste do

Oceano Atlantico, Brasil, permitiram chegar as seguintes consideracdes finais:

* Em relagdo aos aspectos reprodutivos, foram avaliados a proporgio
sexual, o indice gonadossomatica (IGS), fecundidade, tipo e época de
desova e a caracterizagdo macro-microscopica do desenvolvimento gonadal
dos peixes. A propor¢do sexual em trés espécies de peixes foi a esperada
50% para cada sexo (IM:1F), ocorrendo um predominio de machos apenas
na espécie O. palometa (3M:2F). IGS variou de acordo com o ciclo
reprodutivo de cada espécie onde a pluviosidade foi o fator ambiental que
modulou a época reprodutiva, ocasionando os maiores valores do IGS no
periodo das chuvas da regido. As fémeas apresentaram desova total e a
fecundidade teve correlagdo positiva com o peso das gonadas e do corpo.
Quatro estadios de desenvolvimento das gonadas (imaturo, em maturagao,
maduro e esgotado) foram identificados macroscopicamente e os estudos
microscopicos mostraram os detalhes do desenvolvimento ovocitario em

cada estadio de maturagao.

* Em relagdo aos aspectos parasitarios, os isdpodos parasitaram os peixes
imaturos, em maturacdo ¢ maduros. Foram identificadas trés espécies de
parasitos isopodos: Livoneca redmmanni, Rocinela signata e Cimothoa
spinipalpa. As primeiras duas espécies ocorreram na cavidade branquial de
C. chrysurus e S. brasiliensis. A terceira espécie de isopodo C. spinipalpa
(Thatcher; Aratjo; Lima & Chellappa, 2007) ¢ uma nova espécie de parasito
identificada e relatada pela a primeira vez. Este isopodo foi encontrado na
cavidade bucal de O. saurus e O. palometa nas aguas costeiras do Sudoeste
do Oceano Atlantico, Brasil. Os microhabitatos preferidos pelos parasitos
isopodos foram a camara branquial e a cavidade bucal dos hospedeiros,
sendo areas mais protegidas com maior disponibilidade de oxigénio e

irrigacdo sanguinea. A prevaléncia de infeccao de isopodos nos trés espécies
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de hospedeiros variou de 16 a 21%, entretanto, a prevaléncia de infec¢ao
alcangou 60% em O. palometa. No periodo das chuvas foi registrada a
maior ocorréncia de parasitismo por isopodos, que ndo prejudicou o ciclo

reprodutivo normal dos hospedeiros.

* O tamanho corporal do hospedeiro determina o espaco da cAmara
branquial, porém, ndo influenciou o espago ocupado pelo isépodos, uma vez
que eles ocuparam um espago entre 35-36% da camara branquial

independente do tamanho corporal dos hospedeiros.
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O presente trabalho teve como objetivo verificar a relagdo entre especificidade parasito-
hospedeiro e coexisténcia de parasitos em micro-habitats do hospedeiro. Foram capturados
306 peixes palombeta, Chloroscombrus chrysurus (Linnaeus, 1766) (Osteichthyes:
Carangidae) e 178 peixes serra, Scomberomorus brasiliensis (Collette, Russo & Zavala-
Camin, 1978) (Osteichthyes: Scombridae) por arrasto-de-praia de agosto-2005 a fevereiro-
2006 nas aguas costeiras do Rio Grande do Norte. Comprimento total das palombetas
variou entre 88 — 210 mm e das serras 14 — 809 mm. Os peixes foram necropsiados e os
parasitos retirados, identificados e preservados em dlcool 70%. Foi avaliada a preferéncia
da é4rea de fixag@o parasitdria nos hospedeiros. Os resultados que os hospedeiros foram
infestados por trés espécies de isopodos com escolha diferente do micro-habitat. O isépodo
Lironeca redmanni se adaptou em ambos hospedeiros. Rocinela signata foi especifico na
serra € Cymothoa sp. na palombeta. Ambos isopodos da serra coexistiram nas branquias,
mas cada uma em branquias opostas. Os isépodos da palombeta escolheram micro-habitats
diferentes, L. redmanni na cdmara branquial e Cymothoa sp. na cavidade oral. Os isopodos
da palombeta coexistem no mesmo hospedeiro com adaptacdes distintas para diferente
micro-habitat. Os parasitos isopodos demonstram comportamento de escolha de micro-
habitat evitando competicdo por espago e alimento.

Bolsa do CNPq - Doutorado em Psicobiologia - UFRN
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Ceara, a diferentes antimicrobianos - Carvalho, E.M.R.; Carvalho, F.C.T.; Rodrigues, D.P.; Festivo, M.L. & Vieira, R.H.S.F.

02 ISOLAI\_/IENTO E IDENTIFICAGAO DE BACTERIAS EM _PEIXES ORNAMENTAIS COMERCIALIZADOS EM BELO HORIZONTE - Velasco,
F.O.; Lima, L.C.; Costa, A.A.P.; Fernandes, A.A.; Leite, R.C. & Lage, E.P.
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- Buglione, C.C.; Vieira, F.N.; Monguilliot, J.P.; Martins, M.L.; Pedrotti, F.S.; Beltrame, E. & Mourifio, J.L.P.
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M.L.; Barracco, M.A. & Mourifio, J.L.P.
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Ramos, M. F.; Costa, A. R.; Barandela, T.; Saraiva, A. & Rodrigues, P.N.

08 DIDYMOZOIDAE (DIGENEA) PARASITANDO Thunnus obesus (SCOMBRIDAE) DO LITORAL DO RIO DE JANEIRO - Justo, M. C. N.;
Lopes, M. S. & Kohn, A.

09 NEMATOIDES PARASITOS DE Acestrorhynchus IacustriAs (LUTKEN, 1875) (CHARACIFORMES: ACESTRORHYNCHIDAE) DO
RESERVATORIO DE TRES MARIAS, MG, BRASIL - Corréa, R.F.S.S.; Santos, M.D. & Brasil-Sato, M.C.

10 Pargsitofauna de Pimt_elodus mapulatys (Osteichthyes: Pimelogidae) _do Rio Itaja_i-Agu em Blumenau, SC, Brasil - Bachmann, F.;
Greinert, J.A.; Bertelli, P.W.; Silva Filho, H.; Lara, N.O.T.; Ghiraldelli, L. & Martins, M.L.
COMPORTAMENTO DE ESCOLHA DE MICRO-HABITAT DOS PARASITOS ISOPODOS NOS PEIXES Scomberomorus brasiliensis &

11 Chloroscombrus chrysurus NAS AGUAS COSTEIRAS DO RIO GRANDE DO NORTE, BRASIL - Lima, J.T.A.X. de; Araljo, S.G.; Costa,
E.F.S.; Souza, A.A. & Chellappa, S.
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INCIDENCIA DE Lithophaga aristata DILLWYN (MOLLUSCA: BIVALVIA: MYTILIDAE) EM CONCHAS DE VIEIRAS Nodipecten nodosus

15 |LINNAEUS CULTIVADAS EM UBATUBA, LITORAL NORTE DE SAO PAULO - SP - Alvarez, I.L.A.; Marques, H.L.A.; Gelli, V.C.; Roma,
R.P.C. & Novais, A.B.G.
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ESPECIES DE CRUSTACEOS - Perazzolo, L.M.; Rosa, R.D.; Lorenzini, D.M.; Daffre, S. & Barracco, M.A.
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PARASITOS ISOPODOS (ISOPODA: CYMOTHIDAE) ENCONTRADOS NO
PEIXE TIBIRO, Oligoplites saurus (BLOCH & SCHNEIDER, 1801)
(OSTEICHTHYES: CARANGIDAE) DAS AGUAS COSTEIRAS DO RIO GRANDE
DO NORTE
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CEP 59072-970
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O trabalho verificou a ocorréncia de isopodos em Oligoplites saurus, que ¢ um peixe
pelagico capturado por pesca artesanal de Natal, Rio Grande do Norte. Os peixes foram
coletados mensalmente durante novembro de 2004 a outubro de 2005, com o auxilio da
rede-de-arrasto tipo tresmalho. Os peixes foram levados para o Laboratorio de Ictiologia do
Departamento de Oceanografia e Limnologia da UFRN. Os is6podos parasitos foram
coletados e preservados em alcool 70% e os indices parasitarios foram calculados. Foram
capturados 45 tibiros, 21 em Ponta Negra e 24 na Redinha. Os resultados indicam a
ocorréncia de duas espécies de isopodos na Praia de Ponta Negra, Lironeca redmmani
(Leach, 1918) e Cymothoa sp. (Fabricius, 1793). Na Praia da Redinha ocorreu Cymothoa
sp. As areas de fixagao dos isopodos foram diferentes para as duas espécies. L. redmmani
foi encontrado nas branquias enquanto Cymothoa sp. foi encontrado na lingua do tibiro. O
comprimento total dos peixes machos variou de 149 a 283 mm em Ponta Negra e de 109 a
234 mm em Redinha, das fémeas variou de 171 a 283 mm em Ponta Negra e de 200 a 253
mm em Redinha. Houve auséncia de associagdo entre comprimento (y2= 7,54; df=3; p>
0,05) e sexo (y2= 1,94; df=2; p> 0,05) do hospedeiro com a prevaléncia parasitaria. Em Ponta
Negra a prevaléncia foi 9,5%, intensidade média de 1 parasito por peixe e abundancia de 0,09
para L. redmmani e para o Cymothoa sp., a prevaléncia foi de 42,85%, intensidade média de
1,33 parasito por peixe e abundincia de 0,57. Na Redinha a prevaléncia foi de 25%,
intensidade média de 1,5 parasitos por peixe e abundancia de 0,38 para Cymothyoa sp.
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INTRODUGAO & OBJETIVO

Existem cerca de dez mil espécies de parasitos de peixes, dessas 2590 s&o
Crustacea (EIRAS, 1994). Os crustaceos que parasitam o0s peixes sao
ectoparasitos, mesmo que sua localizagdo n&do seja perceptivel no exterior do
individuo, podendo os mesmos estar alocados em orificios ou em regido
subcutanea através de lesdo mecanica (EIRAS et al.,, 2000). Sua agédo sobre os
peixes pode ser direta, ou em outros casos podem funcionar como vetores de
doencas causadas por virus ou bactérias. Os principais grupos de crustaceos
parasitos sdo copépodos, branquiurus e is6podos. (PAVANELLI et al, 1998). No
presente trabalho foi registrada a ocorréncia de is6podos parasitos no peixe
marinho tibiro, Oligoplites saurus (Bloch & Schneider, 1801) pertencente a familia
Carangidae da ordem perciformes, das aguas costeiras do Rio Grande do Norte,
através de coletas mensais realizadas na Praia de Ponta Negra e na Praia da
Redinha, ambas localizadas na regido urbana no municipio de Natal, RN, Brasil.

MATERIAIS & METODOS

As coletas dos peixes tibiros foram realizadas mensalmente durante o periodo de
novembro de 2004 a outubro de 2005, nas aguas costeiras da Praia de Ponta Negra
(05°52'30” S e 35°08'00” W) e da Praia da Redinha (05 45' 00" S e 35 10' 35" W),
localizada na regido urbana no municipio de Natal, RN, Brasil (Figura 1).

Lo
TR N o L i - e
Figura 2. Vista dorsal de um macho
(esquerda) e uma fémea (direita) de
Cymothoa sp.

Figura 1. Localizagdo das areas de estudo: Praia
de Ponta Negra e Praia da Redinha, Natal, RN Figura 3. Cymothoa sp. na cavidade oral

(Cena SPOT: 731.362-1994). Fonte: SUDENE. do O. saurus

Os peixes foram capturados utilizando redes de arrasto de praia do tipo
tresmalho. Os peixes foram transportados em caixas de isopor com agua do mar
e gelo para o Laboratério de Ictiologia do Departamento de Oceanografia e
Limnologia da Universidade Federal do Rio Grande do Norte. Foram realizadas a
pesagem e biometria dos peixes coletados e em seguida foram examinados
macroscopicamente para que o0s crustaceos is6podos fossem removidos e
fixados em &lcool a 70%, rotulados com o numero do hospedeiro, area de
fixacdo, local e data, sendo todos os dados referentes registrados em um
formulario (EIRAS et al., 2000).

Os indices parasitarios calculados foram a prevaléncia (numero de peixes
parasitados / nimero de peixes examinados X 100), intensidade média (nUmero
total de parasitas / nimero total de peixes parasitados) e abundancia parasitaria
(Prevaléncia x Intensidade média). Estes indices foram calculados segundo Bush
et al (1997).

RESULTADOS & CONCLUSAO

Durante o periodo de estudo foram capturados um total de 45 tibiros, sendo 21
capturados na Praia de Ponta Negra e 24 capturados na Praia da Redinha. De 45
peixes capturados 18 foram parasitados. Duas espécies de parasitos (Isopoda:
Cymothidae) ocorreram em O. saurus capturados nas aguas da Praia de Ponta
Negra, Lironeca redmmani e Cymothoa sp. (Fig. 2), enquanto uma espécie
(Isopoda: Cymothidae) ocorreu na Praia da Redinha, Cymothoa sp.

Os is6podos apresentaram especificidade parasitaria com relacdo a area de
fixacdo. A espécie L. redmmani foi encontrada nas camaras branquias enquanto
que a espécie Cymothoa sp. foi encontrada sobre a lingua na cavidade oral do
hospedeiro (Fig. 3).

Os indices parasitarios de L. redmmani mostraram uma prevaléncia de 9,5%,
intensidade média de um parasita por peixe e abundancia de 0,09, enquanto os
indices parasitarios de Cymothoa sp. mostraram prevaléncia de 42,85%,
intensidade média de 1,33 parasita por peixe e abundancia de 0,57 na praia de
Ponta Negra. Os indices parasitarios de Cymothoa sp. mostraram uma
prevaléncia de 25 %, intensidade média de 1,5 parasita por peixe e abundancia
de 0,38 na Praia da Redinha.
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INDICES PARASITARIOS DE ISOPODOS (ISOPODA: FLABELLIFERA:
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Este trabalho teve como objetivo avaliar os indices de infestacdo parasitaria por isopodos
no peixe marinho palombeta, Chloroscombrus chrysurus (Linnaeus, 1766) capturado nas
aguas costeiras de Ponta Negra, Rio Grande do Norte. Para verificar a ocorréncia de
isopodos foram examinados 194 espécimes de C. chrysurus no periodo de agosto de 2005 a
julho de 2006. Os peixes capturados foram levados para analises no Laboratorio de
Ictiologia do Departamento de Oceanografia e Limnologia da Universidade Federal do Rio
Grande do Norte. Os isépodos encontrados foram separados cuidadosamente e colocados
em frascos de vidro de 25 e 50 ml contendo alcool 70%. Os dados de pluviometria foram
obtidos na UFRN. Os indices de infestacdo parasitdria foram relacionados com a
pluviosidade da regido. Dos exemplares de C. chrysurus capturados 23,1% estavam
parasitados. Comprimento total dos hospedeiros parasitados variou de 84 a 200 mm. Os
locais de fixacdo dos isopodos foram a cavidade oral e a camara branquial do hospedeiro.
Dentre os isopodos encontrados 52% parasitavam a camara branquial e 48% a cavidade
oral. Foi registrada uma carga parasitaria minima de 1,0 ¢ maxima de 2,0 isopodos por
hospedeiro. Houve uma prevaléncia parasitaria média de 23,1%, intensidade média de 1,13
isopodos por hospedeiro e uma abundéncia relativa de 0,23 isépodo por peixe amostrado.
Os maiores indices de prevaléncia dos isopodos ocorreram no periodo de estiagem.

Apoio: Bolsista de Iniciacdo Cientifica-CNPq - UFRN
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INTRODUCAO

Os peixes marinhos constituem, em nivel mundial, um dos
recursos alimentares de maior qualidade e abundancia,
conseqlientemente, este grupo de vertebrados vem sendo alvo de
numerosas pesquisas relacionadas a seus mais diversos aspectos
biolégicos. Entretanto, o aspecto de influéncia do parasitismo na
biologia dos peixes marinhos tem sido relativamente pouco estudado
(RAZANI- PAIVA et al, 2004).

Os estudos ictioparasitolégicos e sanitarios nos peixes séo de
imprescindivel importancia. No estado do Rio Grande do Norte existe
ainda uma caréncia de estudos ligados a parasitologia dos peixes
marinhos (CAVALCANTI et al, 2003; LIMA et al 2005). Este trabalho
teve como objetivo avaliar os indices de infestacdo parasitaria por
isopodos no peixe marinho palombeta, Chloroscombrus chrysurus
(Linnaeus, 1766) capturado nas aguas costeiras de Ponta Negra, Rio
Grande do Norte.

MATERIAIS & METODOS

Os exemplares do Palombeta, C. crysurus, foram capturados
nas aguas costeiras da Ponta Negra , localizada na éarea urbana do
Municipio de Natal, Rio Grande do Norte. As coletas foram realizadas
mensalmente no periodo de agosto de 2005 a julho de 2006. Os
peixes foram capturados com auxilio dos pescadores da regido, que
utilizaram como método de captura uma rede de arrastdo. Os dados
pluviométricos foram obtidos na UFRN.

O teste t foi utilizado para saber se existe diferencas
significativas entre o local de fixagcdo dos parasitos e o coeficiente
de correlacdo de Pearson foi usado para relacionar os indices
pluviométricos e os indices parasitarios.

Os indices de infestagdo parasitaria foram calculados conforme
proposto Margolis et al.( 1982) revisado por Bush et al.(1997).

RESULTADOS

O comprimento total dos espécimes analisados variou de 37 a
260 mm (127,73 + 33,65). Do total dos peixes capturados 23,1 %
estavam parasitados por isépodos, sendo 52% encontrado
parasitando a cavidade branquial, 48% a cavidade bucal (t = 0,14, p <
0,05).

No que concerne aos indices de infestacdo parasitaria, foi
observado uma prevaléncia parasitaria média de 23,1%, uma
intensidade de 1,13 isépodos por peixe parasitado e um abundancia
de 0,23 por peixe amostrado.

Tabela 1: Coeficiente de correlagdo de Pearson (r) entrea pluviosidade
média (PM) e os indices médios de infestagdo parasitaria (IP), p <0,05.

IP PM R
Prevaléncia 23,1 128,08 -0,2517
Intensidade média 1,33 128,08 -0,06838

Abundancia relativa 0,23 128,08 - 0,2556

Figura 1. Localizacdo da area de estudo: praia
de Ponta Negra, Natal/RN (Cena SPOT:
731.362-1994). Fonte: SUDENE
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Figura 3. Relacdo de indices de infestagdo
parasitaria dos isépodos e indices
pluviométricos para o peixe marinho palombeta,
C. chrysurus capturados nas &guas costeiras
de Ponta Negra Rio Grande do Norte. (A)
Prevaléncia parasitaria; (B) Intensidade média;
(C) Abundancia relativa

Figura 2. Pesca artesanal por rede de arrasto nas aguas costeiras da de
Ponta Negra, Rio Grande do Norte (A); O peixe marinho Palombeta, C.
chrysurus (B); Isépodos fixos na camara branquial e cavidade oral (C);
Isépodo da Familia Chymotoidae (D).

CONCLUSOES

O parasitismo por isépodos no C. crhysurus ocorre todos os
meses do ano

Os is6podos ndo apresentam preferéncias pelo local de fixagéo

O maior nimero de peixes parasitados foram encontrados no
periodo de estiagem.
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on authors' names, and chronologically per author. If an author's name
in the list is also mentioned with co-authors the following order should
be used: publications of the single author, arranged according to
publication dates - publications of the same author with one co-author -
publications of the author with more than one co-author. Publications
by the same author(s) in the same year should be listed as 1994a,
1994b, etc.

5. Use the following system for arranging your references:

a. For periodicals

Stewart, D.A., Agnew, D., Boyd, R., Briggs, R., Toland, P., 1993. The
derivation of changes in Nephrops per unit effort values for the
Northern Ireland fishing fleet. Fish. Res. 17, 273-292.

b. For edited symposia, special issues, etc. published in a periodical
Roberts, R.J., 1993. Ulcerative dermal necrosis (UDN) in wild
salmonids. In: Bruno, D.W. (Ed.), Pathological conditions of wild
salmonids. Fish. Res. 17, 3 14.

c. For books

Gaugh, Jr., H.G., 1992. Statistical Analysis of Regional Yield Trials.
Elsevier, Amsterdam.

d. For multi-author books

Bucke, D., 1989. Histology. In: Austin, B., Austin, D.A. (Eds.), Methods
for the Microbiological Examination of Fish and Shellfish. Wiley, New
York, pp. 69-97.

6. Abbreviate the titles of periodicals mentioned in the list of references
according to the International List of Periodical Title Word
Abbreviations.

7. In the case of publications in any language other than English, the
original title is to be retained. However, the titles of publications in non-
Latin alphabets should be transliterated, and a notation such as "(in
Russian)" or "(in Greek, with English abstract)" should be added.

8. Work accepted for publication but not yet published should be
referred to as "in press".

9. References concerning unpublished data and "personal
communications" should not be cited in the reference list but may be
mentioned in the text.

Use of the Digital Object Identifier

The digital object identifier (DOI) may be used to cite and link to
electronic documents. The DOI consists of a unique alpha-numeric
character string which is assigned to a document by the publisher upon
the initial electronic publication. The assigned DOI never changes.
Therefore, it is an ideal medium for citing a document, particularly
"Articles in press" because they have not yet received their full
bibliographic information. The correct format for citing a DOI is shown
as follows (example taken from a document in the journal Physics
Letters B):

doi:10.1016/j.physletb.2003.10.071

When you use the DOI to create URL hyperlinks to documents on the
web, they are guaranteed never to change. However, please check the
DOI very carefully as an error in a letter or number will result in a dead
link.

Formulae

1. Formulae should be typewritten, if possible. Leave ample space
around the formulae.

2. Subscripts and superscripts should be clear.

3. Greek letters and other non-Latin symbols should be explained in the
margin where they are first used. Take special care to show clearly the
difference between zero (0) and the letter O, and between one (1) and
the letter I.

4. Give the meaning of all symbols immediately after the equation in
which they are first used.
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5. For simple fractions use the solidus (/) instead of a horizontal line.
6. Equations should be numbered serially at the right-hand side in
parentheses. In general only equations explicitly referred to in the text
need be numbered.

7. The use of fractional powers instead of root signs is recommended.
Also powers of e are often more conveniently denoted by exp.

8. Levels of statistical significance which can be mentioned without
further explanation are *P<0.05, **P<0.01 and ***P<0.001.

9. In chemical formulae, valence of ions should be given as, e.g., Ca2+
and not as Ca++.

10. Isotope numbers should precede the symbols, e.g., 180.

11. The repeated writing of chemical formulae in the text is to be
avoided where reasonably possible; instead, the name of the compound
should be given in full. Exceptions may be made in the case of a very
long name occurring very frequently or in the case of a compound
being described as the end product of a gravimetric determination
(e.g., phosphate as P205).

Footnotes

1. Footnotes should be used only if absolutely essential. In most cases
it should be possible to incorporate the information in normal text.

2. If used, they should be numbered in the text, indicated by
superscript numbers, and kept as short as possible.

Nomenclature

1. Authors and Editors are, by general agreement, obliged to accept the
rules governing biological nomenclature, as laid down in the
International Code of Botanical Nomenclature, the International Code of
Nomenclature of Bacteria, and the International Code of Zoological
Nomenclature.

2. All biotica (crops, plants, insects, birds, mammals, etc.) should be
identified by their scientific names when the English term is first used,
with the exception of common domestic animals.

3. All biocides and other organic compounds must be identified by their
Geneva names when first used in the text. Active ingredients of all
formulations should be likewise identified.

4. For chemical nomenclature, the conventions of the International
Union of Pure and Applied Chemistry and the official recommendations
of the IUPAC IUB Combined Commission on Biochemical Nomenclature
should be followed.

Preparation of electronic illustrations

General

1. Make sure you use uniform lettering and sizing of your original

artwork.

2. Save text in illustrations as "graphics" or enclose the font.

3. Only use the following fonts in your illustrations: Arial, Courier,

Helvetica, Times, Symbol.

. Number the illustrations according to their sequence in the text.
. Use a logical naming convention for your artwork files.

. Provide all illustrations as separate files.

. Provide captions to illustrations separately.

. Produce images near to the desired size of the printed version.

ONO U A

A detailed guide on electronic artwork is available on our website: =
http://elsevier.com/artworkinstructions. Some excerpts from the
detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork is
finalised, please "save as" or convert the images to one of the following
formats (note the resolution requirements for line drawings, halftones,
and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as "graphics".
TIFF: Colour or greyscale photographs (halftones): always use a
minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (colour or greyscale): a
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minimum of 500 dpi is required.
DOC, XLS or PPT: If your electronic artwork is created in any of these
Microsoft Office applications please supply "as is".

. Please do not:

1. embed graphics in your word processor (spreadsheet, presentation)
document;

2. supply files that are optimised for screen use (like GIF, BMP, PICT,
WPG); the resolution is too low;

3. supply files that are too low in resolution;

4. submit graphics that are disproportionately large for the content.

Captions

Ensure that each illustration has a caption. Supply captions separately,
not attached to the figure. A caption should comprise a brief title (not
on the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Line drawings

The lettering and symbols, as well as other details, should have
proportionate dimensions, so as not to become illegible or unclear after
possible reduction; in general, the figures should be designed for a
reduction factor of two to three. The degree of reduction will be
determined by the Publisher. Illustrations will not be enlarged. Consider
the page format of the journal when designing the illustrations. Do not
use any type of shading on computer-generated illustrations.

Photographs (halftones)

Remove non-essential areas of a photograph. Do not mount
photographs unless they form part of a composite figure (plate). Where
necessary, insert a scale bar in the illustration (not below it), as
opposed to giving a magnification factor in the caption.

Colour illustrations

Please make sure that artwork files are in an acceptable format (TIFF,
EPS or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable colour figures, then Elsevier
will ensure, at no additional charge that these figures will appear in
colour on the Web (e.g., ScienceDirect and other sites) regardless of
whether or not these illustrations are reproduced in colour in the
printed version. For colour reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for colour in print or
on the Web only. For further information on the preparation of
electronic artwork, please see
http://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications which can arise by
converting colour figures to "grey scale" (for the printed version should
you not opt for colour in print) please submit in addition usable black
and white versions of all the colour illustrations. As only one figure
caption may be used for both colour and black and white versions of
figures, please ensure that the figure captions are meaningful for both
versions, if applicable.

Tables

Number tables consecutively in accordance with their appearance in the
text. Place footnotes to tables below the table body and indicate them
with superscript lowercase letters. Avoid vertical rules. Be sparing in
the use of tables and ensure that the data presented in tables do not
duplicate results described elsewhere in the article.

Supplementary data

Preparation of supplementary data. Elsevier accepts electronic
supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to
publish supporting applications, movies, animation sequences, high-
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resolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the
electronic version of your article in Elsevier Web products, including
ScienceDirect: @ http://www.sciencedirect.com. In order to ensure
that your submitted material is directly usable, please ensure that data
is provided in one of our recommended file formats. Authors should
submit the material in electronic format together with the article and
supply a concise and descriptive caption for each file. For more detailed
instructions please visit our artwork instruction pages at =+
http://www.elsevier.com/artworkinstructions.

Copyright

Upon acceptance of an article, authors will be asked to sign a 'Journal
Publishing Agreement' (for more information on this and copyright see
H http://www.elsevier.com/copyright). Acceptance of the agreement
will ensure the widest possible dissemination of information. An e-mail
(or letter) will be sent to the corresponding author confirming receipt of
the manuscript together with a 'Journal Publishing Agreement' form or
a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles
including abstracts for internal circulation within their institutions.
Permission of the Publisher is required for resale or distribution outside
the institution and for all other derivative works, including compilations
and translations (please consult =
http://www.elsevier.com/permissions).

If excerpts from other copyrighted works are included, the author(s)
must obtain written permission from the copyright owners and credit
the source(s) in the article. Elsevier has preprinted forms for use by
authors in these cases: please consult
http://www.elsevier.com/permissions.

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow
authors who publish in Elsevier journals to comply with potential
manuscript archiving requirements as specified as conditions of their
grant awards. To learn more about existing agreements and policies
please visit 3+ http://www.elsevier.com/fundingbodies

After acceptance

Page Proofs

When your manuscript is received by the Publisher it is considered to
be in its final form. Proofs are not to be regarded as 'drafts'. One set of
page proofs in PDF format will be sent by e-mail to the corresponding
author, to be checked for typesetting/editing. No changes in, or
additions to, the accepted (and subsequently edited) manuscript will be
allowed at this stage. Proofreading is solely your responsibility.

A form with queries from the Copyeditor may accompany your proofs.
Please answer all queries and make any corrections or additions
required.

The Publisher reserves the right to proceed with publication if
corrections are not communicated.

Return corrections within 3 days of receipt of the proofs. Should there
be no corrections, please confirm this.

Elsevier will do everything possible to get your article corrected and
published as quickly and accurately as possible. In order to do this we
need your help. When you receive the (PDF) proof of your article for
correction, it is important to ensure that all of your corrections are sent
back to us in one communication. Subsequent corrections will not be
possible, so please ensure your first sending is complete. Note that this
does not mean you have any less time to make your corrections, just
that only one set of corrections will be accepted.

Online Publication

Your article will appear on Elsevier's online journal database
ScienceDirect as an "Article in Press" within approximately 4-6 weeks of
acceptance. Articles in Press for this journal can be viewed at
http://www.sciencedirect.com/science/journal/01657836. An Article in
Press may be cited prior to its publication by means of its unique digital
object identifier (DOI) number, which does not change throughout the
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publication process.

Reprints

The corresponding author, at no cost, will be provided with a PDF file of
the article via e-mail or, alternatively, 25 free paper offprints. The PDF
file is a watermarked version of the published article and includes a
cover sheet with the journal cover image and a disclaimer outlining the
terms and conditions of use. Additional reprints can be ordered on a
reprint order form which will be sent to the corresponding author of the
accepted article by the publisher.

Author's Discount

There is a 30% discount on most Elsevier book publications.
Contact

For inquiries relating to the submission of manuscripts (including
electronic submission where available) please visit
http://www.elsevier.com/authors. The Elsevier Web page also provides
the facility to track accepted articles and set up e-mail alerts to inform
you of when an article's status has changed, as well as detailed artwork
guidelines, copyright information, frequently asked questions, and
more. Please note that contact details for questions arising after
acceptance of an article (especially those relating to proofs) are
provided after registration of an article for publication.

Fisheries research has no page charges.

%} Printer-friendly version

Home | Site map | Privacy policy | Terms and Conditions | Feedback | A Reed Elsevier company
Copyright © 2007 Elsevier B.V. All rights reserved.
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Manuscript Submission

Austral Ecology is now using Manuscript Central for online submission and peer
review. All new manuscripts must be submitted using Manuscript Central.
Manuscripts submitted before this date are currently being considered and will
follow the previous process.

To submit a manuscript, please follow the instructions below.

Getting Started

1. Launch your web browser (Internet Explorer 5 or higher, Netscape 7 or
higher, Firefox 1.0.4 or Safari 1.2.4) and go to the Austral Ecology Manuscript
Central homepage (http://mc.manuscriptcentral.com/aec).

2. Log-in or click the "Create Account" option if you are a first-time user of
Manuscript Central.

3. If you are creating a new account.

o After clicking on "Create Account”, enter your name and e-mail information
and click "Next". Your e-mail information is very important.

e Enter your institution and address information as appropriate, and then click
"Next."

e Enter a user ID and password of your choice (we recommend using your e-
mail address as your user ID). Click "Finish".

4. If you have an account but have forgotten your log in details, go to
"Password Help" on the Austral Ecology Manuscript Central homepage and
enter your email address. The system will send you a temporary password. Use
this to log into the system and set a permanent password.

5. Log-in and select "Author Center."

Submitting Your Manuscript

6. After you have logged in, click the "Submit a Manuscript" link in the menu
bar.

7. Enter data and answer questions as appropriate.

8. Click the "Next" button on each screen to save your work and advance to
the next screen.

9. You are required to upload your files.*

¢ Click on the "Browse" button and locate the file on your computer.

e Select the designation of each file in the drop down next to the Browse
button.

e When you have selected all files you wish to upload, click the "Upload Files"
button.

10. Review your submission (in PDF format) before sending to the Journal.
Click the "Submit" button when you are finished reviewing.

*Please note: This journal does not accept Microsoft Word 2007 documents at
this time. Please use Word's "Save As" option to save your document as an
older (.doc) file type.
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You may suspend a submission at any phase before clicking the "Submit"
button and save it to submit later. After submission, you will receive a
confirmation e-mail. You can also access Manuscript Central any time to check
the status of your manuscript. The Journal will inform you by e-mail once a
decision has been made.

Getting Help With Your Submission

Each page of the Manuscript Central website has a 'Get Help Now' icon
connecting directly to the online support system at
http://mcv3support.custhelp.com. Queries can also be e-mailed to
support@scholarone.com and telephone support is available 24 hours a day, 5
days a week through the US ScholarOne support office

on: +1434 817 2040 , ext 167. If you do not have Internet access
or cannot submit online, the Editorial Office will help with online submissions.
Please contact the Editor - Email: michael.bull@flinders.edu.au;

tel: +61 8... ; fax: +61 8 8201 3015

Authors are encouraged to visit the Blackwell Publishing website for
authors which details further information on the preparation and submission of
articles and figures and gives access to the Blackwell house style guide.

Acceptance

The acceptance criteria for all papers are the quality and originality of the
research and its significance to our readership. Except where otherwise
stated, manuscripts are peer reviewed by at least two anonymous reviewers
and the Editor. The Editorial Board reserves the right to refuse any material
for publication and advises that authors should retain copies of submitted
manuscripts and correspondence as material cannot be returned. Final
acceptance or rejection rests with the Editorial Board.

Criteria used for accepting a manuscript

1. The paper can describe studies in terrestrial, aquatic or marine habitats.
They can be at a local, regional or global scale but should be set in a broad
ecological context, and contribute new information towards some general
question. Specifically, we do not publish papers that simply describe an
ecosystem or a local ecological pattern. Nor do we publish papers that ask
ecological questions that are only relevant to some local region (e.g. how does
fire affect plant communities in the Mount Lofty Ranges, South Australia),
although local studies that can make new contributions to broader
generalizations can be accepted.

2. A review paper should not just list all of the relevant publications but should
provide insights, by some novel synthesis or analysis, of trends that can be
revealed from previously published research.

3. The paper should ask questions relating to the patterns observed in
ecosystems, at the level of the individual organism, the population,

the ecological community or the landscape. The study might be motivated by
either basic or applied research questions. Sometimes those questions and the
derived explanations will have relevance to ecosystem management issues, but
the papers in Austral Ecology should focus on the science in the study. The
results of the study might form the basis for management or policy
recommendations, which should be submitted to alternative publishing outlets.
4. Normally the paper should relate to ecosystems in the Southern
Hemisphere, although general theoretical papers are acceptable, as are those
with a Northern Hemisphere basis, but that have implications for Southern
Hemisphere ecosystems.

5. Papers can cover a broad range of ecological topics from landscape ecology
and ecosystem dynamics to individual population dynamics and behavioural
ecology.

6. The paper needs a logical structure with a specific question that is addressed
by the methods and analysis.

7. Conclusions need to be supported by the results presented.

8. Studies need to be well supported by appropriate statistical analyses that
are reported in sufficient detail to allow readers to assess the rigour of the
conclusions. Where replication is impractical, the implications for interpretation
should be acknowledged.

Submission of Manuscripts

All articles submitted to the journal must comply with these instructions.
Failure to do so will result in return of the manuscript and possible delay in
publication.

Manuscripts should be written so that they are intelligible to the professional
reader who is not a specialist in the particular field. Where contributions are
judged as acceptable for publication on the basis of scientific content, the
Editor or the Publisher reserves the right to modify typescripts to eliminate
ambiguity and repetition and improve communication between author and
reader. If extensive alterations are required, the manuscript will be returned to
the author for revision.

Covering letter
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Papers are accepted for publication in the journal on the understanding that
the content has not been published or submitted for publication elsewhere.
This must be stated in the covering letter.

Papers describing experiments that involve procedures that could cause pain,
discomfort or reduced health to vertebrate animals must be demonstrated to
be ethically acceptable and, where relevant, conform to the national guidelines
for animal usage in research.

Pre-submission English-language editing

Authors for whom English is a second language may choose to have their
manuscript professionally edited before submission to improve the English. A
list of independent suppliers of editing services can be found at
www.blackwellpublishing.com/bauthor/english_language.asp. All services are
paid for and arranged by the author, and use of one of these services does not
guarantee acceptance or preference for publication.

Author material archive policy

Authors who require the return of any submitted material that is accepted for
publication should inform the Editorial Office after acceptance. If no indication
is given that author material should be returned, Blackwell Publishing will
dispose of all hardcopy and electronic material two months after publication.

Copyright

Papers accepted for publication become copyright of the Ecological Society of
Australia and authors will be asked to sign an Exclusive Licence Form. In
signing the Exclusive Licence Form it is assumed that authors have obtained
permission to use any copyrighted or previously published material. All authors
must read and agree to the conditions outlined in the Exclusive Licence Form,
and must sign the form or agree that the corresponding author can sign on
their behalf. Articles cannot be published until a signed Exclusive Licence Form
has been received.

Preparation of the Manuscript

Submissions should be printed, doubled-spaced, on one side only of A4 paper.
The top, bottom and side margins should be 30 mm. Laser or near-letter
quality print is essential. All pages should be numbered consecutively in the
top right hand corner, beginning with the title page, and lines should be
numbered consecutively on each page. New paragraphs should be indented.
The hyphenation option should be turned off, including only those hyphens that
are essential to the meaning.

Style

The journal uses UK spelling and authors should therefore follow the latest
edition of the Concise Oxford Dictionary. All measurements must be given in SI
units as outlined in the latest edition of Units, Symbols and Abbreviations: A
Guide for Medical and Scientific Editors and Authors (Royal Society of Medicine
Press, London).

Abbreviations should be used sparingly and only where they ease the reader's
task by reducing repetition of long, technical terms. Initially use the word in
full, followed by the abbreviation in parentheses. Thereafter use the
abbreviation. At the first mention of a chemical substance, give the generic
name only. Trade names should not be used.

Review Articles

Review articles that are brief, synthetic and/or provocative are occasionally
commissioned by the Editors. These submissions are reviewed under the
journal's usual standards. It is normal for there to be some negotiation
between the invited author and the commissioning Editor about the content
and timing of any invited submission. Please contact the Editors if you would
like to write such a review. Unsolicited review manuscripts may also be
considered.

Short Notes and Comments

The journal welcomes commentaries on the substance of previously published
papers. Such contributions must be short and to the point, with adequate
support for the issues being raised. Authors of papers being criticized or
commented upon are usually given a right of brief reply.

Parts of the manuscript
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Manuscripts should be presented in the following order: (i) title page, (ii)
abstract and keywords, (iii) text, (iv) acknowledgements, (v) references, (vi)
tables (each table complete with title and footnotes) and (vii) figures with
figure legends.

Footnotes to the text are not allowed and any such material should be
incorporated into the text as parenthetical matter.

Title page

The title page should contain: (i) the title of the paper; (ii) the full names of
the authors; (iii) the addresses of the institutions at which the work was
carried out, as well as the present address of any author if different from that
where the work was carried out; and (iv) the full postal and email address,
plus facsimile and telephone numbers, of the author to whom correspondence
about the manuscript, proofs and requests for offprints should be sent.

The title should be short, informative and contain the major key words. A short
running title (less than 40 characters, including spaces) should also be
provided.

Abstract and key words

Articles must have an abstract that states in 300 words or less the purpose,
basic procedures, main findings and principal conclusions of the study. The
abstract should not contain abbreviations or references. The names of
organisms used should be given.

Five key words should be supplied below the abstract for the purposes of
indexing.

Text

Authors should use the following subheadings to divide the sections of their
manuscript: Introduction, Methods, Results, Discussion, Acknowledgements,
References.

Introduction: This section should include sufficient background information to
set the work in context. The aims of the manuscript should be clearly stated.
The introduction should not contain either findings or conclusions.

Methods: This should be concise but provide sufficient detail to allow the work
to be repeated by others.

Results: Results should be presented in a logical sequence in the text, tables
and figures; repetitive presentation of the same data in different forms should
be avoided. The results should not contain material appropriate to the
Discussion.

Discussion: This should consider the results in relation to any hypotheses
advanced in the Introduction and place the study in the context of other work.
Only in exceptional cases should the Results and Discussion sections be
combined.

Species nomenclature

When the generic or specific name of the major study organism(s) is first used,
the taxonomic family or affiliation should also be mentioned, both in the
abstract and in the body of the text.

Acknowledgements

The source of financial grants and other funding should be acknowledged,
including a frank declaration of the authors' industrial links and affiliations. The
contribution of colleagues or institutions should also be acknowledged.

Upon its first use in the title, abstract and text, the common name of a species
should be followed by the scientific name (genus and species) in parentheses.
However, for wellknown species, the scientific name may be omitted from the
article title. If no common name exists in English, the scientific name should be
used only.

References
The Harvard (author, date) system of referencing is used. Consult a recent
issue of the journal for the referencing format.

Personal communications, unpublished data and publications from informal

meetings are not to be listed in the reference list but should be listed in full in
the text (e.g. A. Smith, unpublished data, 2000).
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References in Articles

We recommend the use of a tool such as EndNote or Reference Manager for
reference management and formatting.

EndNote reference styles can be searched for here:
http://www.endnote.com/support/enstyles.asp

Reference Manager reference styles can be searched for here:
http://www.refman.com/support/rmstyles.asp

Tables

Tables should be self-contained and complement, but not duplicate,
information contained in the text. Tables should be numbered consecutively in
Arabic numerals. Each table should be presented on a separate sheet of A4
paper with a comprehensive but concise legend above the table. Tables should
be double-spaced and vertical lines should not be used to separate columns.
Column headings should be brief, with units of measurement in parentheses;
all abbreviations should be defined in footnotes. Footnote symbols: 1, #, §, ,
should be used (in that order) and *, **, *** should be reserved for P values.
The table and its legend/footnotes should be understandable without reference
to the text.

Figures

All illustrations (line drawings and photographs) are classified as figures.
Figures should be cited in consecutive order in the text. Each figure should be
labeled on the back in very soft marker or chinagraph pencil, indicating name
of author(s), figure number and orientation. Do not use an adhesive label.
Figures should be sized to fit within the column (78 mm), intermediate (118
mm) or the full text width (165 mm).

Line figures should be supplied as sharp, black and white graphs or diagrams,
drawn professionally or with a computer graphics package; lettering should be
included.

Photographs should be supplied as sharp, glossy black and white photographic
prints and must be unmounted. Individual photographs forming a composite
figure should be of equal contrast, to facilitate printing, and should be
accurately squared. Photographs need to be cropped suffi- ciently to prevent
the subject being recognized, or an eye bar used; otherwise, written
permission to publish must be obtained. Magnifications should be indicated
using a scale bar on the illustration.

If supplied electronically, graphics should be supplied as high resolution (at
least 300 d.p.i. at the final size) files, saved in .eps or .tif format. A high-
resolution print-out must also be provided. Digital images supplied only as
lowresolution print-outs cannot be used.

Colour figures

Colour photographs should be submitted as good quality, glossy colour prints.
A charge of A$1100 for one to three colour figures and $550 for each extra
colour figure thereafter will be charged to the author.

In the event that an author is not able to cover the costs of reproducing colour
figures in colour in the printed version of the journal, Austral Ecology offers
authors the opportunity to reproduce colour figures in colour for free in the
online version of the article (but they will still appear in black and white in the
print version). If an author wishes to take advantage of this free colour-on-the-
web service, they should liaise with the Editorial Office to ensure that the
appropriate documentation is completed for the Publisher.

Figure legends

Legends should be self-explanatory and should incorporate definitions of any
symbols used. All abbreviations and units of measurement should be explained
so that the figure and its legend is understandable without reference to the
text. (Provide a letter stating copyright authorization if figures have been
reproduced from another source.)

Supplementary material

Austral Ecology cannot publish large tables of data, such as detailed species
lists, and encourages authors to provide summary data to illustrate the trends.
At the same time we recognise the importance of providing access to primary
data. We offer authors the opportunity to lodge appendices with
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data relating to their paper at an Austral Ecology site within the web site of the
Ecological Society of Australia.

Authors wanting to take this offer should contact the Executive Officer of the
Ecological Society of Australia at ExecutiveOfficer@ecolsoc.org.au with

their table(s) of data. They will be given a web address where the information
will be stored. Authors should then cite this address in the body of their paper
when referring to the data. Authors should nevertheless include any such
appendices with their original submissions.

Proofs, Offprints and Page Charges

Proofs

Notification of the URL from where to download a Portable Document Format
(PDF) typeset page proof, associated forms and further instructions will be sent
by email to the corresponding author. The purpose of the PDF proof is a final
check of the layout, and of tables and figures. Alterations other than the
essential correction of errors are unacceptable at PDF proof stage. The proof
should be checked, and approval to publish the article should be emailed to the
Publisher by the date indicated; otherwise, it may be signed off on by the
Editor or held over to the next issue.

Acrobat Reader will be required in order to read the PDF. This software can be
downloaded free of charge from the Adobe web site: Click here. This will
enable the file to be opened, read on screen, and printed out in order for any
corrections to be added. Further instructions will be sent with the proof.
Authors should therefore supply an email address to which proofs can be
emailed. Proofs will be faxed if no e-mail address is available. If absent,
authors should arrange for a colleague to access their email, retrieve the PDF
proof and check and return them to the publisher on their behalf.

Offprints

A PDF file of the final version of the paper will be provided free of charge. The
PDF file is for the authors' personal or professional use, for the purposes of
scholarly or scientific research or study. Extra printed offprints may be
purchased if required.

Page charges

Page charges of A$11.00 per printed page will be levied on each article
appearing in the journal (not including thesis abstracts and book reviews).
These charges are payable to Blackwell Publishing Asia Pty Ltd and will be
invoiced when page proofs are sent to the authors. This procedure
notwithstanding, no paper will be rejected or given any extraordinary
treatment on the basis other than its scientific merit. Contributors not in
receipt of institutional or grant-based support may apply to the Managing
Editor for exemption from page charges.
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Author Guidelines

INSTRUCTIONS FOR AUTHORS

1. The Journal of Fish Biology welcomes research manuscripts containing new
biological insight into any aspect of fish biology. The Journal serves an
international readership, and so seeks papers which report material and ideas
of value to fish biology in general. Hence the novelty of the content of
manuscripts should have relevance to more than the particular species or
locality in which the work was carried out. All material submitted must be
original, unpublished work and not under consideration for publication
elsewhere. If in doubt about overlap, please give details of any related work
under consideration or in press with the submission during login in Comments
to Editor. Review papers will either be invited or agreed with the Reviews
Editor (see 18). Brief Communications (see 19) and occasional Comments (see
21) will be considered.

The Society considers that scientists should avoid research which kills or
damages any species of fish which, using IUCN criteria, is regarded as
threatened or is listed as such in a Red Data Book appropriate to the
geographic area concerned. In accordance with this view, papers based on
such research will not be accepted by the Journal, unless the work had clear
conservation objectives.

2. Submission of manuscripts. Manuscripts should be submitted online at
http://jfb.edmgr.com. Full instructions and support are available on the site
and a user ID and password can be obtained on the first visit. Authors are
encouraged to suggest potential referees for their manuscripts. This can be
done during login in Comments to Editor.

3. Preparation of manuscripts. Typing should be double-spaced throughout
the text, including tables, figure legends and reference lists. All lines should
be numbered. Files should not be saved as PDF (portable document
format) files.

The first page (see recent past issues) should bear the title of the paper, name
(s) (forenames initials only) and academic address(es) of author(s); if the
present address of any author is different it should be added as a footnote.
Telephone and facsimile numbers and email address for the corresponding
author should also be provided as a footnote. A concise running headline of not
more than 45 characters inclusive of spaces should also be given on this page.

Full papers should generally be arranged in the following sequence: Abstract,
Key Words, Introduction, Materials and Methods, Results, Discussion (a
combined Results and Discussion is not normally acceptable),
Acknowledgements, References, Tables and Figures. Within sections,
subdivisions should not normally exceed two grades; decimal number
classification of headings and subheadings should not be used. All pages
should be numbered. Footnotes should not be used except in Tables. Names
of fishes should be given in full, i.,e. common name and Latin name with
authority. Italics are required for species names which are written in full the
first time they appear in the text, e.g. Cyprinus carpio L. and Oncorhynchus
mykiss (Walbaum), but abbreviated at subsequent mention (e.g. C. carpio and
0. mykiss). The plural 'fish' should be used for the same species, 'fishes' for
more than one species. Spellings should be in English, e.g. Concise Oxford
English Dictionary (as distinct from American) throughout, except in quotations
and references. All Latin words should be in italics. Text should not be
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written in the first person.

Information in tables should not be duplicated in figures, and vice versa.
Repetition of table headings and figure legends in the text should be avoided.

Authors will find it helpful to consult recent issues of Journal of Fish Biology for
details of style and presentation. They should note that if their manuscript
does not follow the format of the Journal, it will be returned to them.

Two carriage returns should be used to end headings and paragraphs. Text
should be typed without end of line hyphenation, except for compound words.
Lower case 'l' for '1' or 'O' for '0' should not be used. Tables and figure captions
should be saved in a separate file from the main text of the manuscript.
Tables should not be embedded in the text file in picture

format. Punctuation should be consistent and only a single space inserted
between words and after punctuation. A separate file should be supplied for
illustrations; Encapsulated PostScript (EPS) files are preferred.

4. Abstracts. An abstract, which should be concise and summarize only the
significant findings of the paper (i.e. not the background or methods), should
accompany each manuscript. It should be followed by a list of not more than
six key words.

5. Illustrations. Photographs should be selected only to illustrate something
that cannot adequately be displayed in any other manner. Magnification should
be given in actual terms and all stains used should be described in full. Colour
photographs can be included; the first two figures will be produced free of
charge, additional figures will be at the author's expense (see 6). Figures
should be numbered consecutively using Arabic numerals (Fig. 1, 2, etc.), in
order of their mention in the text. A fully descriptive caption should be
provided for every figure and the complete list of captions typed together on a
separate page. All relevant information, e.g. keys to the symbols and formulae,
should be included in the caption. The minimum reduction for the figures may
be indicated. Artwork should be received in digital format. Line artwork (vector
graphics) should be saved as Encapsulated PostScript (EPS) and bitmap files
(half-tones or photographic images) as Tagged Image Format (TIFF). Native
file formats should not be submitted. More detailed information on the
submission of electronic artwork can be found at
http://www.blackwellpublishing.com/bauthor/illustration.asp

6. Colour. Authors must complete a Colour Work Agreement Form for any
colour figures requiring payment. This will be indicated on acceptance. The
form can be downloaded as a PDF* (portable document format) file from the
home page at http://jfb.edmgr.com

Completed forms should be sent to the Production Editor, Journal of Fish
Biology, 101 George Street, Edinburgh EH2 3ES, U.K. (or by email:
jfb@oxon.blackwellpublishing.com).

*To read PDF files, you must have Acrobat Reader installed.

7. Tables. These should be numbered in Roman numerals (Table I, II, etc.), in
the order of their mention in the text. A brief title should be typed directly
above each table, not on a separate page. Footnotes to tables should be
indicated by superscripts and typed at the bottom of the tables.

8. Units and symbols. Metric units should be used. Physical measurements
should be in accordance with the Systéme International d'Unités (SI), e.g. mm,
mm3, s, g, Mg, m s-1(superscript), g I-1(superscript). Use joules not calories.
Authors will find the following two publications helpful: British Standard 1991:
Part I: 1967 Recommendations for Letter Symbols, Signs and Abbreviations,
and Units, Symbols and Abbreviations. A Guide for Biological and Medical
Editors and Authors (Baron, D.N., ed.) published by the Royal Society of
Medicine, London. In mathematical expressions, single letters should be used
for variables, qualifying them with subscripts if required, e.g. length L, fork
length LF(subscript F), standard length LS(subscript S), index I, gonado-
somatic index IG(subscript G), hepato-somatic index IH(subscript H), etc. The
24 hour clock should be used for time of day, e.g. 1435 hours, not 2.35 p.m.
Calendar dates should be as, e.g. 15 June 1998. In the text, one-digit numbers
should be spelt out unless they are used with units of measure (in which case
they should not be hyphenated), e.g. five boxes, 5 cm. Numerals should be
used for all numbers of two or more digits, e.g. 34 boxes. Use mass(es) rather
than weight(s). Means and error (S.D., S.E., 95% CL, etc.), should be to the
same number of decimal places. Salinity is dimensionless with no units; psu,
%o or similar should not be used.

9. Statistics. Statistics should be presented as follows: name of test, number of
observations or degree of freedom, and probability level (P > 0.05, P < 0.05, P
< 0.01 and P < 0.001). Values of test statistics are not required.

10. Name-bearing type specimens of taxa that are described in the Journal of
Fish Biology as new to science should be deposited in recognized national or
international institutions that can meet Recommendations 72F.1-5 of the
International Code of Zoological Nomenclature (ICZN, 1999; available from
http://www.iczn.org/iczn/index.jsp) for Institutional responsibility. The chosen
institute for deposition of name-bearing type specimens should be able to meet
these responsibilities into the foreseeable future. A paratype series may be
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distributed among more than one recognized national or international
institution at the discretion of the authors. This is encouraged for paratype
series that include numerous specimens, where the paratype series can be split
into two or more representative samples, comprising several specimens that
are deposited at different institutions. For examples of recognized national or
international institutions see earlier taxonomic publications in the Journal of
Fish Biology, or check institutions listed in Eschmeyer's Catalog of Fishes
Online (available at
http://www.calacademy.org/RESEARCH/ichthyology/catalog/abtabr.html), and
see Poss & Collette, Copeia 1995, 48-70, for U.S. and Canadian institutions.
Institutional abbreviations used in manuscripts should follow standard code
designations as given in Eschmeyer's Catalog of Fishes Online (see URL
above).

11. Genetic nomenclature. Gene nomenclature for protein-coding loci for fishes
should follow the standard recommended by Shaklee et al. in the Transactions
of the American Fisheries Society 119, 2-15 (1990).

12. Sequence data. Manuscripts containing novel amino acid sequences of
proteins or novel nucleotide sequences (e.g. primer sequences) will only be
accepted if they carry a statement that all the data have been deposited with
an appropriate data bank, e.g. the European Molecular Biology Laboratory
(EMBL) or GenBank Data Libraries. The data base accession number must be
given in the Materials and Methods section of the manuscript. Lengthy
nucleotide sequences will only be published if, in the judgement of the Editor,
these results are of general interest and importance. Where sequences are
already published, reference to the original source will suffice.

13. RAPD. In the opinion of the Editors, data derived by RAPDs (randomly
amplified polymorphic DNAs) technology are frequently not satisfactory and
conclusions derived from them unreliable. Papers submitted to the Journal
should not include data generated by this technique.

14. Acknowledgement of copyright. Authors should obtain permission from the
copyright owner (usually this is the publisher) to use any figure, table or
extended quotation from material that has previously been published.
Acknowledgement, however, should cite the author: 'Reproduced with
permission from Einstein (1975)".

15. Digital object identifier. Blackwell Publishing assigns a unique digital object
identifier (DOI) to every article it publishes. The DOI appears on the title page
of the article. It is assigned after the article has been accepted for publication
and persists throughout the lifetime of the article. Due to its persistence, it can
be used to find the article on the Internet through various web sites, including
Blackwell Synergy, and to cite the article in academic references. When using a
Blackwell Publishing article in the reference section, it is important to include
the article's DOI in the reference as volume and page information is not always
available for articles published online. Section 16 shows samples of DOI
included in references. All articles on Blackwell Synergy (www.blackwell-
synergy.com) include full details on how to cite the article.

16. References. The use of a tool such as EndNote or Reference Manager for
reference management and formatting is recommended.

EndNote reference styles can be searched for here:
http://www.endnote.com/support/enstyles.asp

Reference Manager styles can be searched for here:
http://www.refman.com/support/rmstyles.asp

The list of references should be arranged alphabetically according to the
surname of the first author and set out as follows:

Pickford, G. E. (1959). The nature and physiology of the pituitary hormones of
fishes. In Comparative Endocrinology (Gorbman, A., ed.), pp. 404-420. New
York: Wiley.

Wilson, D. P. (1978). Territorial behaviour of male dragonets (Callionymus
lyra). Journal of the Marine Biological Association of the United Kingdom 58,
731-734.

When citing a Blackwell Publishing journal, include the digital object identifier
(DOI), if noted, from the article's title page. Please note the following
examples:

Slotte, A. & Fiksen, @. (2000). State-dependent spawning migration in
Norwegian spring-spawning herring. Journal of Fish Biology 56, 138-162. doi:
10.1006/jfbi.1999.1145

Mukuda, T. & Ando, M. (2003). Medullary motor neurones associated with
drinking behaviour of Japanese eels. Journal of Fish Biology 62, 1-12. doi:
10.1046/j.0022-1112.2003.00002.x

The order in the list should be:

(i). Single authors. Where more than one reference is given for a single author
the publications should be listed chronologically.
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(ii). Two authors. These should be arranged first alphabetically, then
chronologically. For text citations, use the names of both authors and the year.
Do not use et al. for two-author references.

(iii). Three or more authors. These should be arranged chronologically. For all
text citations use the surname of the first author only, followed by et al. and
the date.

If more than one reference by the same author(s) published in the same year
is cited, use a, b, etc. after the year in both text and list, e.g. (1963a). Text
citations can be given in either of two ways: (a) with date in parentheses, 'as
demonstrated by Jones (1956)'; (b) with names and date in parentheses,
'according to recent findings (Jones, 1956)'. Where more than one
reference is cited in the text these should be in chronological order,
e.g. Smith, 1975; Arnold, 1981; Jones, 1988. Journal titles should be given
in full. The full title of the paper, the volume number and the page numbers
should be given. Authors should check that all citations in the text are in
the list of references and vice versa, and that their dates match. Journal
titles, book titles and any other material within the reference list which will be
italicized in print should be italicized or underlined in the manuscript.

References must be available in the public domain, e.g. 'grey' literature should
not be included.

17. Ethics. Contributors to the Journal of Fish Biology must read the Editorial in
Journal of Fish Biology 68, 1-2 (2006), available here. They will be required to
complete a questionnaire on submission of their paper, available for download

here.

18. Reviews. The Journal of Fish Biology plans to include one review paper with
each issue. These reviews should be concise (up to 30 printed pages of the
Journal), critical and creative. They should seek to stimulate topical debate and
new research initiatives. Prospective authors are asked to submit a synopsis
(two pages maximum) of their paper to the Reviews Editor, Dr M. J. Kaiser,
University of Wales - Bangor, School of Ocean Sciences, Menai Bridge,
Gwynedd LL59 5EY, U.K. (or by email: michel.kaiser@bangor.ac.uk). The
synopsis should outline why the review is topical, its main points and
objectives, and how it will stimulate debate and research. When the proposal
has been accepted by the Reviews Editor, he will invite the author to submit a
manuscript within an agreed time limit and following the general guidelines for
submission of standard papers. A modest honorarium will be paid on
publication of reviews.

19. Brief Communications. A Brief Communication may be concerned with any
subject within the scope of the Journal of Fish Biology but should be confined
to a single point or issue of progress, such as an unusual occurrence, an
interesting observation, or a topical and timely finding. The manuscript must,
however, have some relevance beyond the species or locality under
consideration. To qualify for inclusion as a Brief Communication a paper must
be short. An abstract of not more than three lines is required. No subheadings
or subdivisions should be included, in other respects submitted manuscripts
should comply with the instructions given above.

20. Acceptance of papers. Papers will normally be critically reviewed by two or
more outside experts in the relevant discipline and evaluated for publication by
the Editor; however, the Editor may return to authors without review any
manuscripts deemed to be of inadequate quality or inappropriate for the
Journal of Fish Biology.

21. Occasional Comments. Occasionally, comments concerning recent
published papers in the Journal will be considered by the Editor. The comments
will be sent to the original author(s) to provide an opportunity to reply.
Publication of the Comment and Reply will end the debate.

22. Copyright. Authors submitting a manuscript do so on the understanding
that, if it is accepted for publication, the licence to publish the article, including
the right to reproduce the article in all forms and media, shall be assigned
exclusively to the Society. The submission of an exclusive licence to publish

is a condition of publication and papers will not be passed to the publisher for
production until this has been received. The Exclusive Licence Form can be
downloaded from the home page at http://jfb.edmgr.com or, alternatively,
please click here. This should be signed by the appropriate person(s) and must
be sent, by post offline, after login, to the Editorial Office. Authors are
themselves responsible for obtaining permission to reproduce copyright
material from other sources.

23. NEW: Online Open. OnlineOpen is a pay-to-publish service from Blackwell
that offers authors once their papers have been accepted for publication the
opportunity to pay up-front for their manuscript to become open access (i.e.
free for all to view and download) via the Blackwell Synergy website. Each
OnlineOpen article will be subject to a one-off fee of $3,000 to be met by or on
behalf of the Author in advance of publication. Upon online publication, the
article (both full-text and PDF versions) will be available to all for viewing and
download free of charge. The print version of the article will also be branded as
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OnlineOpen and will draw attention to the fact that the paper can be
downloaded for free via the Blackwell Synergy service.

Any authors wishing to send their paper OnlineOpen will be required to
complete the combined payment and copyright licence form available by
clicking here: (Please note this form is for use with OnlineOpen material ONLY).
Once complete this form should be sent to the Editorial Office along with the
rest of the manuscript materials at the time of acceptance or as soon as
possible after that (preferably within 24 hours to avoid any delays in
processing).

Prior to acceptance you should not inform the Editorial Office that you intend to
publish your paper OnlineOpen.

The copyright statement for OnlineOpen authors will read:
© [date] The Author(s)
Journal compilation © [date] The Fisheries Society of the British Isles

24. Proofs and offprints. Proofs should be downloaded as a PDF file from a
designated web site. Full details will be sent to the corresponding author by
email. Therefore, a working email address must be provided. Hard copy proofs
will be posted if no email address is available. Proofs should be returned to the
Editor within 3 days of receipt. Authors will be provided with electronic
offprints of their paper. Additional paper offprints may be ordered online. Full
instructions for ordering paper offprints are available on the journal home page
at www.blackwellpublishing.com/jfb in For Authors. Any queries regarding
offprints should be emailed to: offprint@cosprinters.com. Offprints are
normally dispatched within 3 weeks of publication of the issue in which the
paper appears. Please contact the publishers if offprints do not arrive:
however, please note that offprints are sent by surface mail, so overseas
orders may take up to 6 weeks to arrive. Electronic offprints are sent to the
first author at his or her first email address on the title page of the paper,
unless advised otherwise; therefore please ensure that the name, address and
email of the receiving author are clearly indicated on the manuscript title page
if he or she is not the first author of the paper.

25. NEW: Online production tracking is now available through
Blackwell's Author Services.

Author Services enables authors to track their article - once it has been
accepted - through the production process to publication online and in

print. Authors can check the status of their articles online and choose to
receive automated emails at key stages of production. The author will receive
an e-mail with a unique link that enables them to register and have their article
automatically added to the system. Please ensure that a complete email
address is provided when submitting the manuscript. Visit
www.blackwellpublishing.com/bauthor for more details on online production
tracking and for a wealth of resources including FAQs and tips on article
preparation, submission and more.

26. Author material archive policy. Please note that unless specifically
requested, Blackwell Publishing will dispose of all hard copy or electronic
material 2 months after publication. If the return of any submitted material is
required, the editorial office or production editor must be informed as soon as
possible.

Ten of the most common faults in papers submitted to the Journal of
Fish Biology:

Title page layout. Authors should consult past published papers.
Abstract contains information other than main findings.
Headings. Authors should consult past published papers.
Naming of fishes, e.g. no authority given on first mention.
Use of active voice (usually the first person). The passive voice
should be used.
References, e.g. lack of match between text and list and wrong
format.
7. Figure and caption, e.g. keys should be on the caption, not on the
figure.
8. Variables not defined correctly. Normally these should be single
letters qualified with subscripts if required, e.g. LT for total length.
9. Mismatch of decimal places, e.g. between mean and S.D., S.E., etc.
10. Files submitted as PDFs.

R wWN e

o

Top

Copyright © Blackwell Publishing 2008 CarbonFree *partner of Carbonfund.org

http://www .blackwellpublishing.com/submit.asp?ref=0022-1112&site=1 30/5/2008






Livros Gratis

( http://www.livrosgratis.com.br )

Milhares de Livros para Download:

Baixar livros de Administracao

Baixar livros de Agronomia

Baixar livros de Arquitetura

Baixar livros de Artes

Baixar livros de Astronomia

Baixar livros de Biologia Geral

Baixar livros de Ciéncia da Computacao
Baixar livros de Ciéncia da Informacéo
Baixar livros de Ciéncia Politica

Baixar livros de Ciéncias da Saude
Baixar livros de Comunicacao

Baixar livros do Conselho Nacional de Educacdo - CNE
Baixar livros de Defesa civil

Baixar livros de Direito

Baixar livros de Direitos humanos
Baixar livros de Economia

Baixar livros de Economia Doméstica
Baixar livros de Educacao

Baixar livros de Educacdo - Transito
Baixar livros de Educacao Fisica

Baixar livros de Engenharia Aeroespacial
Baixar livros de Farmacia

Baixar livros de Filosofia

Baixar livros de Fisica

Baixar livros de Geociéncias

Baixar livros de Geografia

Baixar livros de Histdria

Baixar livros de Linguas



http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_1/administracao/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_2/agronomia/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_3/arquitetura/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_4/artes/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_5/astronomia/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_6/biologia_geral/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_8/ciencia_da_computacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_9/ciencia_da_informacao/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_7/ciencia_politica/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_10/ciencias_da_saude/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_11/comunicacao/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_12/conselho_nacional_de_educacao_-_cne/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_13/defesa_civil/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_14/direito/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_15/direitos_humanos/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_16/economia/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_17/economia_domestica/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_18/educacao/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_19/educacao_-_transito/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_20/educacao_fisica/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_21/engenharia_aeroespacial/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_22/farmacia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_23/filosofia/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_24/fisica/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_25/geociencias/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_26/geografia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_27/historia/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1
http://www.livrosgratis.com.br/cat_31/linguas/1

Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo



http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_28/literatura/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_30/literatura_de_cordel/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_29/literatura_infantil/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_32/matematica/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_33/medicina/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_34/medicina_veterinaria/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_35/meio_ambiente/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_36/meteorologia/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_45/monografias_e_tcc/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_37/multidisciplinar/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_38/musica/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_39/psicologia/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_40/quimica/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_41/saude_coletiva/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_42/servico_social/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_43/sociologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_44/teologia/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_46/trabalho/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1
http://www.livrosgratis.com.br/cat_47/turismo/1

